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(54) OUTPUT CONTROLLER 



(57) The object of the present invention is, in a pow- 
er control device including an auxiliary circuit that is con- 
nected in parallel to an output circuit and controls an 
adjusting current smaller by a substantially constant ra- 
tio than an output current, to control the ratio of the out- 
put current to the adjusting current at a constant level 
by controlling the output circuit and the auxiliary circuit 
so that the potentials of the corresponding terminals 
agree with each other. As a means for attaining the ob- 



ject, the power control device comprises a bridge of four 
branches including an output circuit, an auxiliary circuit, 
a load, and either of a current detector or a current set- 
ting circuit. The power control device detects the poten- 
tial difference between the terminals of the output circuit 
and the corresponding terminals of the auxiliary circuit 
and feeds back the potential difference to one of the four 
branches of the bridge and changes the equivalent im- 
pedance of the branch , thereby controlling the bridge to 
keep the balance. 



FIG. 1 
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Description 

Technical Field 

[0001] The present invention relates to a power con- 
trol device utilized in a power semiconductor device. 

Background Art 

[0002] An output circuit in a driver of such as motor or 
actuator, a power source circuit, or the like, includes a 
circuit breaker for cutting off an output current in order 
to protect circuit elements from excess current or control 
the output current so as to avoid exceeding a predeter- 
mined value. 

[0003] Fig. 13 shows one conventional example of the 
circuit breaker. An output transistor 1 is a transistor for 
driving a load 3. A register 101 for detecting current is 
connected in series with the output transistor 1 . The po- 
tential difference across the resistor 101, namely the 
voltage drop due to the current flowing through the out- 
put transistor 1 (hereinafter referred to as output current) 
is compared with a reference voltage 1 02 through a dif- 
ferential amplifier 1 03. The reference voltage 1 02 is set 
to be equal to the voltage drop due to a control target 
amount of the output current. The comparison result of 
the differential amplifier 1 03 is outputted to a control cir- 
cuit. The control circuit cuts off the output transistor 1 
when the output current is larger than the control target 
amount, that is to say, when the output of the differential 
amplifier 16 is negative. The output transistor 1 which 
has been once cut off is held under the cutoff condition 
by the control circuit. The control circuit allows the output 
transistor 1 to conduct the current again in the case of 
receiving a signal indicating the directions to conduct 
the current from the outside or when the output of the 
differential amplifier 1 03 becomes positive after a pre- 
determined time has passed. Thus : the output current 
avoids substantially exceeding the control target 
amount. 

[0004] In the above-described conventional example 
of Fig. 13, however, the resistor 101 is connected in se- 
ries with the output transistor 1 . Therefore, there is the 
problem of narrowing the range of the output voltage or 
spending the wasted power. 

[0005] Fig. 14 shows another conventional example 
of the circuit breaker. In the conventional example, the 
above-described problem with the conventional exam- 
ple is solved as follows. 

[0006] In the second conventional example, an auxil- 
iary transistor 2 is connected in parallel to the output 
transistor 1 and the current-detecting resistor 101 is 
connected in series with the auxiliary transistor 2. The 
current 12 outputted by the auxiliary transistor 2 (here- 
inafter referred to as adjusting current) is smaller by a 
predetermined ratio than the output current 11 outputted 
by the output transistor 1 applied with the common input. 
For example, in the case where the output transistor 1 



and the auxiliary transistor 2 are monolithically formed 
such as an integrated circuit or the like, the structure of 
the auxiliary transistor 2 is substantially the same as the 
output transistor 1 but the size thereof is smaller than 
5 the output transistor 1 . In that case, the ratio of the cur- 
rents outputted by the respective transistors applied 
with the common input voltage substantially equals to 
the ratio of the sizes of the transistors. 
[0007] By utilizing the current-detecting resistor 1 01 , 
10 the adjusting current !2 is controlled so as not to exceed 
the control target value in the same way as the first con- 
ventional example. When the voltage drop across the 
resistor 101 is sufficiently small to be ignorable in com- 
parison with the voltage inputted to the output transistor 
15 1, the current ratio 11/12 is substantially equal to the size 
ratio of the transistors. After all, the current 11 is propor- 
tional to the current 12, and the proportional coefficient 
is substantially determined by the size ratio of the tran- 
sistors and substantially independent of the input volt- 
20 age, the temperature of the environment and the like. 
Accordingly, the output current 11 can be controlled so 
as not to exceed an amount larger than the above-de- 
scribed control target amount by the inverse of the 
above-described ratio. In the second conventional ex- 
25 ample, since the resistor 1 01 is not connected in series 
with the output transistor 1 , the range of the output volt- 
age can be widened in comparison with the first conven- 
tional example and, at the same time, the wasted power 
can be reduced. 
30 [0008] When the voltage drop across the resistor 1 01 
is large and not ignorable in comparison with the voltage 
inputted to the output transistor 1 , the voltage between 
gate and source (hereinafter referred to as gate voltage) 
of the output transistor 1 is larger than the auxiliary tran- 
35 sistor 2 by the voltage drop across the resistor 101. 
Thus, the ratio 11/12 of the output current 11 to the ad- 
justing current 12 depends on not only the size ratio of 
transistors but also either of the voltage between source 
and drain or the gate voltage, and parameters such as 
40 the threshold value of the gate voltage. Accordingly, the 
relation between the output current 11 and the adjusting 
current 12 is, in general, non-linear. In particular, the out- 
put current 11 tends to increase more largely than the 
adjusting current 12 beyond the ratio determined by the 
45 size ratio of the transistors, and the current ratio 11/12 in 
the region of the targe gate voltage is several times or 
more larger than the size ratio of the transistors. 
[0009] Fig. 16A is a diagram showing a graph repre- 
senting the changes of the output current 11 and the ad- 
so justing current 12 with respect to the gate voltage of the 
output transistor 1 in the second conventional example. 
Here, the vertical axis of the figure is normalized in order 
that the difference from the proportionality may be easily 
seen. In fact, if the curve corresponding to the output 
55 current 11 and the curve corresponding to the adjusting 
current 12 agree with each other, the relation between 
the output current 11 and the adjusting current 12 is pro- 
portional. As shown in Fig. 1 6A, in the second conven- 
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tional example, the output current 11 and the adjusting 
current 12 do not agree particularly in the region of the 
large gate voltage. In addition, the difference between 
the above-described two curves changes greatly owing 
to a change of the threshold value of the gate voltage 
caused by the temperature. Since the current ratio 11/12 
changes depending on the gate voltage and the temper- 
ature in that manner, the output current 11 varies from a 
predetermined value even if the adjusting current 12 is 
controlled so as to be set at a predetermined control tar- 
get value. Therefore, the second conventional example 
cannot make the control precision of the output current 
11 sufficiently high and secure sufficient reliability. 
[0010] Fig. 15 shows the third conventional example 
of the circuit breaker This conventional example has an 
output transistor 1 and a parallel-connected auxiliary 
transistor 2 in the same way as the second conventional 
example. In the third conventional example, the voltag- 
es between drain and source are different from each 
other between the output transistor 1 and the auxiliary 
transistor 2 in contrast with the second conventional ex- 
ample, though the gate voltages of the transistors are 
the same. In the output transistor 1 in particular, the volt- 
age between drain and source tends to reduce remark- 
ably owing to a voltage drop across the load 3. 
[0011] Fig. 16B is a diagram showing a graph repre- 
senting the changes of the output current 11 and the ad- 
justing current 1 2 with respect to the gate voltage in the 
third conventional example. The vertical axis of Fig. 1 6B 
is normalized in the same way as Fig. 16A. As shown 
in Fig. 1 6B, in the third conventional example, the output 
current 11 and the adjusting current 12 do not agree when 
the gate voltage is raised to a certain level. Inparticular, 
the output current 11 shows a change to become satu- 
rated together with the increase of the gate voltage. Ac- 
cordingly, the control precision of the output current 11 
cannot be made high sufficiently in the third convention- 
al example similar to the second conventional example 
since the current ratio 11/12 changes depending on the 
gate voltage. 

[0012] The cause of dependence of the ratio 11/12 of 
the output current 11 to the adjusting current 12 on a va- 
riety of fluctuation factors is the difference between the 
gate voltages of the output transistor 1 and the auxiliary 
transistor 2 in the second conventional example, and the 
difference between the voltages between drain and 
source thereof in the third conventional example, re- 
spectively. Therefore, the present invention provides a 
power control device for controlling the potentials of the 
three terminals (gate, source and drain) of the output 
transistor 1 and the auxiliary transistor 2 so as to equal- 
ize the potentials of the corresponding terminals, there- 
by adjusting the ratio 11/12 of the output current 11 to the 
adjusting current 12 to a constant level. Thus , the output 
control precision is independent of operational condi- 
tions, temperature change, or un evenness of the size 
ratio and the like owing to the varied conditions in the 
production, thereby improving reliability of the power 



control device in comparison with the conventional ex- 
amples. 

Disclosure of Invention 

[0013] A power control device according to the 
present invention comprises: 

a bridge circuit consisting of a first branch, a second 
branch, a third branch and a fourth branch, wherein 
each of said first to fourth branches includes a first 
terminal and a second terminal, 
the first terminal of said first branch and the first ter- 
minal of said third branch are connected to a first 
power-source-connecting terminal at a substantial- 
ly constant potential, the second terminal of said 
second branch and the second terminal of said 
fourth branch are connected to a second power- 
source-connecting terminal at a substantially con- 
stant potential, 

the second terminal of said first branch and the first 
terminal of said second branch are mutually con- 
nected at a first node, the second terminal of said 
third branch and the first terminal of said fourth 
branch are mutually connected at a second node, 
said second branch includes a load, 
said first branch includes an output circuit for driving 
said load, and 

said third branch includes an auxiliary circuit for out- 
putting an adjusting current adjusted to an amount 
smaller substantially by a predetermined ratio than 
an output current outputted from said output circuit 
in the case of applying substantially the same input 
voltage as that of said output circuit; 
a potential difference detector for detecting a poten- 
tial difference between said first node and said sec- 
ond node; 
and 

a control circuit for making said output circuit inter- 
lock with said auxiliary circuit, controlling said out- 
put circuit and cutting off said output circuit and said 
auxiliary circuit based on said potential difference 
detected by said potential difference detector. 



45 [001 4] Thereby, the output circuit and the auxiliary cir- 
cuit can be cut off by the control circuit based on the 
potential difference detected by the potential difference 
detector, for example, when the difference between the 
voltages inputted to the output circuit and to the auxiliary 

so circuit exceed a predetermined range. Accordingly, the 
cutoff level with respect to the difference between the 
above-described input voltages is set at a correspond- 
ing level to the state wherein the ratio of the output cur- 
rent to the adjusting current agrees with the limit of a 

55 predetermined tolerance range. As a result, if the above- 
described ratio exceeds the tolerance range : the power 
control device can cut off the output. 
[001 5] A power control device according to an aspect, 
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other than the above,- of the present invention compris- 
es: 

a bridge circuit consisting of a first branch, a second 
branch, a third branch and a fourth branch, wherein 5 
each of said first to fourth branches includes a first 
terminal and a second terminal, 
the first terminal of said first branch and the first ter- 
minal of said third branch are connected to a first 
power-source-connecting terminal at a substantial- 10 
ly constant potential, the second terminal of said 
second branch and the second terminal of said 
fourth branch are connected to a second power- 
source-connecting terminal at a substantially con- 
stant potential, 15 
the second terminal of said first branch and the first 
terminal of said second branch are mutually con- 
nected at a first node, the second terminal of said 
third branch and the first terminal of said fourth 
branch are mutually connected at a second node, 20 
said second branch includes a load, 
said first branch includes an output circuit for driving 
said load, and 

said third branch includes an auxiliary circuit for out- 
putting an adjusting current adjusted to an amount 25 
smaller substantially by a predetermined ratio than 
an output current outputted from said output circuit 
in the case of applying substantially the same input 
voltage as that of said output circuit; 
a potential difference detector for detecting a poten- 30 
tial difference between said first node and said sec- 
ond node; 

a control circuit for making said output circuit inter- 
lock with said auxiliary circuit and controlling said 
output circuit; 
and 

a current ratio compensator for feeding back said 
detected potential difference detected by said po- 
tential difference detector and controlling the equiv- 
alent impedance across said first terminal and said 
second terminal of one of said first to fourth branch- 
es so that said bridge circuit keep the balance, 
thereby holding said ratio at a substantially constant 
level. 

[0016] Thereby, the bridge circuit can keep the bal- 
ance so that the potential difference detected by the po- 
tential difference detector, that is to say, the input volt- 
age to the output circuit and the input voltage to the aux- 
iliary circuit become substantially equal. Accordingly, 
the ratio of the output current to the adjusting current is 
substantially constant, that is to say, substantially inde- 
pendent of the applied input voltage and the environ- 
mental temperature change. Therefore, the control cir- 
cuit can control the adjusting current with a high preci- 
sion through the auxiliary circuit, thereby controlling the 
output current with a high precision in the same way 
through the interlocking output circuit with the auxiliary 
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transistor. Here, the current ratio compensator controls 
the equivalent impedance of one element in the bridge 
circuit, thereby making the bridge circuit keep the bal- 
ance. Accordingly, "the current ratio compensator" may 
be referred to as "equivalent impedance control circuit." 
[0017] The above-described power control device ac- 
cording to a preferred mode from one aspect has a cur- 
rent detector in said fourth branch for detecting said ad- 
justing current, wherein said control circuit controls said 
auxiliary circuit based on the detected result of said cur- 
rent detector. When the bridge circuit keeps the balance 
by the current ratio compensator, the ratio of the output 
current to the adjusting current is held at a constant lev- 
el. Accordingly, if the adjusting current is detected with 
the current detector, the output current can be detected 
from that result. In that way, the output current can be 
fed back to the control circuit. In that case, there is no 
risk in the detecting operation to narrow the possible out- 
put range of the output voltage, since the output current 
need not be measured direct. 

[0018] According to a preferred mode of the above- 
described power control device from another aspect, 
said fourth branch includes a current setting circuit for 
holding at a substantially constant level or changing 
quasistatically said adjusting current. If the adjusting 
current is held constant with the current setting circuit, 
then the output current is also constant, since the ratio 
of the output current to the adjusting current is held con- 
stant by the current ratio compensator. Alternatively, if 
the adjusting current changes quasistatically by the cur- 
rent setting circuit, then the output current changes qua- 
sistatically in the same manner. Here, quasistatic 
change means a sufficiently slow change in comparison 
with the change of the output current and the adjusting 
current through the output control of the control circuit 
and the control of the equivalent impedance of the cur- 
rent ratio compensator. 

[0019] According to a preferred mode of the above- 
described power control device from still another as- 
pect, said second branch includes a switch circuit con- 
nected in series between said load and the second pow- 
er-source-connecting terminal and for conducting or 
cutting off said output current based on said potential 
difference. If the output current changes greatly to lose 
the balance of the bridge circuit, the switch circuit cuts 
off the output current in order to prevent an excessive 
large amount of current of the output current from de- 
stroying the elements included in the device and the like. 
Thereby, the elements of the device and the like are pro- 
tected from a destructive excess current. 
[0020] In addition, in that case, the control of said 
equivalent impedance by said current ratio compensa- 
tor may be provided over said switch circuit. Thereby, 
the single switch circuit can be used in order to perform 
the above-described function as a protective circuit 
against excess current and the function as a compen- 
sator for making the bridge circuit keep the balance. 
[0021] According to a preferred mode of the above- 
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described power-control device fromyet another aspect, 
said current ratio compensator may provide the control 
of said equivalent impedance over said output circuit. 
Thereby, the single output circuit can be used in order 
to perform the original function as a driver for the load, 5 
the function as a protective circuit against the above- 
described excess current and the function as a compen- 
sator for making the bridge circuit keep the balance. 
[0022] A power control device according to one as- 
pect of the present invention, as one of the develop- 10 
ments of the above-described power control device, 
comprises: 

an output network consisting of a first branch, a sec- 
ond branch, a third branch, a fourth branch, a fifth 15 
branch, a sixth branch and a seventh branch, 
wherein 

each of said first to seventh branches includes a first 
terminal and a second terminal, 

the first terminals of said first, said third and said 20 
fifth branches are connected to a first power- 
source-connecting terminal at a substantially con- 
stant potential, 

the second terminals of said second, said fourth and 
said sixth branches are connected to a second pow- 25 
er-source-connecting terminal at a substantially 
constant potential, 

the second terminal of said first branch and the first 
terminal of said second branch are mutually con- 
nected at a first node, the second terminal of said 30 
third branch and the first terminal of said fourth 
branch are mutually connected at a second node, 
the second terminal of said fifth branch and the first 
terminal of said sixth branch are mutually connect- 
ed at a third node, 35 
the first terminal and the second terminal of said 
seventh branch are connected to said first node and 
said second node, respectively, 
said seventh branch includes a load, 
said first branch includes a first output circuit for 40 
driving said load, 

said third branch includes a second output circuit 
for driving said load, 

each of said second and said fourth branches in- 
cludes a switch circuit and *s 
said fifth branch includes an auxiliary circuit for in- 
terlocking with either of said first or said second out- 
put circuits and outputting adjusting current adjust- 
ed to an amount smaller substantially by a prede- 
termined ratio than an output current outputted from so 
the interlocking output circuit in the case of applying 
substantially the same input voltage as that of the 
interlocking output circuit; 

a potential difference detector for detecting the po- 
tential of said first node or said second node with 55 
respect to said third node; 

a control circuit for making said first and said second 
output circuits interlock with said auxiliary circuit in 



a substantially alternate order and controlling said 
first or said second output circuit; 
a switch control circuit for turning on or off said 
switch circuits in a substantially alternate order in a 
manner synchronized with the operation of said 
control circuit; 
and 

a current ratio compensator for feeding back said 
potential difference detected by said potential dif- 
ference detector and controlling the equivalent im- 
pedance across said first terminal and said second 
terminal of one of said first to said sixth branches, 
so that 

a bridge consisting of said first branch, a composite 
of said seventh branch and said fourth branch, said 
fifth branch, and said sixth branch, keeps the bal- 
ance when an output current from said first output 
circuit flows through said first branch, said seventh 
branch and said fourth branch, and 
a bridge consisting of said third branch, a composite 
of said seventh branch and said second branch, 
said fifth branch, and said sixth branch, keeps the 
balance when an output current from said second 
output circuit flows through said third branch, said 
seventh branch and said second branch, thereby 
holding said ratio at a substantially constant level. 

[0023] The output control device can reverse the out- 
put current flowing through the load by turning on or off 
the two output circuits and the switch circuits in substan- 
tially alternate order. The arrangement of only the con- 
ducting branches of the output network is substantially 
the same as the bridge circuit of the above-described 
power control device and, therefore, the effects thereof 
are equivalent to the above-described effects. 
[0024] According to a preferred mode of the power 
control device from one aspect, said sixth branch in- 
cludes a current setting circuit for holding at a substan- 
tially constant level or changing quasistatically said ad- 
justing current. If the adjusting current is held constant 
with the current setting circuit, then the output current is 
constant, since the ratio of the output current to the ad- 
justing current is held constant by the current ratio com- 
pensator. Alternatively, if the adjusting current changes 
quasistatically by the current setting circuit, then the out- 
put current changes quasistatically in the same manner. 
[0025] In the above-described power control device, 
preferably from another aspect, said current ratio com- 
pensator provides the control of said equivalent imped- 
ance over said switch circuit. Thereby, the switch circuit 
for reversing the current flowing through the load can 
also be used as a compensator for making the bridge 
circuit keep the balance. 

[0026] According to a preferred mode of the above- 
described power control device from still another as- 
pect, said current ratio compensator may provide the 
control of said equivalent impedance over said first or 
said second output circuits. Thereby, the same output 
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circuit can be used in order to perform the original func- 
tion as a driver for the load, the above-described func- 
tion as a protective circuit against excess current and 
the function as a compensator for making the bridge cir- 
cuit keep the balance. 5 
[0027] A power control device developed into another 
mode from the secondarily mentioned power control de- 
vice according to the present invention comprises: 

an output network consisting of a first branch , a sec- 10 
ond branch, a third branch, a fourth branch, a fifth 
branch, a sixth branch : a seventh branch, an eighth 
branch and a ninth branch, wherein 
each of said first to ninth branches includes a first 
terminal and a second terminal. 15 
the first terminals o! said first, said third, said fifth 
and said seventh branches are connected to a first 
power-source-connecting terminal at a substantial- 
ly constant potential, 

the second terminals of said second, said fourth, 20 
said sixth and said eighth branches are connected 
to a second power-source-connecting terminal at a 
substantially constant potential, 
the second terminal of said first branch and the first 
terminal of said second branch are mutually con- 25 
nected at a first node, the second terminal of said 
third branch and the first terminal of said fourth 
branch are mutually connected at a second node, 
the second terminal of said fifth branch and the first 
terminal of said sixth branch are mutually connect- so 
ed at a third node, the second terminal of said sev- 
enth branch and the first terminal of said eighth 
branch are mutually connected at a fourth node, 
the first terminal and the second terminal of said 
ninth branch are connected to said first node and 35 
said second node, respectively, 
said ninth branch includes a load, 
said first branch includes a first output circuit for 
driving said load, 

said third branch includes a second output circuit 40 
for driving said load, 

each of said second and said fourth branches in- 
cludes a switch circuit, 

said fifth branch includes a first auxiliary circuit for 
interlocking with said first output circuit and output- 
ting a first adjusting current adjusted to an amount 
smaller substantially by a predetermined first ratio 
than a first output current outputted from said first 
output circuit in the case of applying substantially 
the same input voltage as that of said first output so 
circuit, and 

said seventh branch includes a second auxiliary cir- 
cuit for interlocking with said second output circuit 
and outputting a second adjusting current adjusted 
to an amount smaller substantially by a predeter- 55 
mined second ratio than a second output current 
outputted from said second output circuit in the case 
of applying substantially the same input voltage as 



that of said second output circuit; 
a potential difference detector for detecting the po- 
tential of said first node with respect to said third 
node as a first potential difference and the potential 
of said second node with respect to said fourth node 
as a second potential difference; 
a control circuit for operating in a substantially al- 
ternate order and controlling a pair of said first out- 
put circuit and said first auxiliary circuit and a pair 
of the second output circuit and said second auxil- 
iary circuit; 

a switch control circuit for turning on or off one of 
said switch circuits in a substantially alternate order 
in a manner synchronized with the operation of said 
control circuit; 
and 

a current ratio compensator for feeding back said 
first or said second potential difference detected by 
said potential difference detector and for controlling 
the equivalent impedance across said first terminal 
and said second terminal of one of said first to said 
eighth branches, so that 

a bridge consisting of said first branch, a composite 
of said seventh branch and said fourth branch, said 
fifth branch, and said sixth branch, keeps the bal- 
ance, thereby holding said first ratio at a substan- 
tially constant level when said first output current 
flows through said first branch, said seventh branch 
and said fourth branch, and 
a bridge consisting of said third branch, acomposite 
of said seventh branch and said second branch, 
said seventh branch, and said eighth branch, keeps 
the balance, thereby holding said second ratio at a 
substantially constant level when said second out- 
put current flows through said third branch, said 
seventh branch and said second branch. 

[0028] The power control device can reverse the out- 
put current flowing through the load by turning on or off 
the two output circuits and the two switch circuits in sub- 
stantially alternate order in the same manner as de- 
scribed above. The arrangement of only the conducting 
branches of the output network are substantially the 
same as the bridge circuit of the secondarily described 
power control device according to the present invention 
and, therefore, the effects thereof are equivalent to that 
secondarily described one. 

[0029] That power control device, in contrast with the 
above-described power control device, has two auxiliary 
circuits one-to-one corresponding to the two output cir- 
cuits. Thereby, the circuit scale is larger than the above- 
described power control device. On the contrary, if the 
ratio of the adjusting current to the output current is set 
at a predetermined value with a high precision, the 
above-described power control device requires mini- 
mizing the structural difference between the two output 
circuits since the auxiliary circuit is used in common, but 
that power control device does not. 
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[0030] In addition, in the case of monolithically form- 
ing the power control device according to the present 
invention as an integrated circuit, the two output circuits 
must be put apart to a certain extent on the chip in the 
above-described power control device. Therefore, non- s 
uniformr.y in position of the temperature or the wafer 
structure on the chip can easily appear as the difference 
betwecr the operations of the two output circuits and, 
as « result the precision of the output control tends to 
drop On the contrary, in that power control device, the 10 
ouput c rcurt and the auxiliary circuit, both of which cor- 
respond to each other, can be formed immediately next 
to er*~h Dtner anc therefore, the above-described non- 
unfo-mry of the temperature or the wafer structure can 
be subs an:»aiy ignored for the pair of the circuits. 15 
[0031 J t he nDovc -described power control device ac- 
ccrang 'o ^ pfcfotfod mode from one aspect has a cur- 
rent sen no, circuit for holding at a substantially constant 
level of changing quasistatically said first adjusting cur- 
rent *nd s»-ikJ second adjusting current in said sixth 20 
branch «md sa d eight branch, respectively. If the adjust- 
ing current is held constant with the current setting cir- 
cuit then the output current is also constant, since the 
ratio of tic output current to the adjusting current is held 
constant by tho current ratio compensator. Alternatively, 25 
if tho acjusting curront changes quasistatically by the 
current setting circuit then the output current changes 
quasistatically in the same manner. 
[0032] In the aoovc -described power control device 
preferably from yet another aspect, said current ratio 30 
compensator provides the control of said equivalent im- 
pedance over said switch circuits. Thereby, the switch 
circuit for reversing the current flowing through the load 
can also be used as the compensator for making the 
bridge circuit keep the balance. 35 
[0033] According to a preferred mode of the above- 
described power control device from still another as- 
pect, said current ratio compensator may provide the 
control of said equivalent impedance over said first or 
said second output circuits. Thereby, the same output *o 
circuit can be used in order to perform the original func- 
tion as a driver for the load, the above-described func- 
tion as a protective circuit against excess current and 
the function as a compensator for making the bridge cir- 
cuit keep the balance. 4 5 
[0034] A power control device according to the 
present invention, as a development of the secondarily 
described power control device of the present invention 
from still another aspect, comprises: 

so 

an output network consisting of a first branch, a sec- 
ond branch, a third branch, a fourth branch, a fifth 
branch, a sixth branch, a seventh branch and an 
eighth branch, wherein 

each of said first to eighth branches includes a first 55 
terminal and a second terminal, 
the first terminals of said first, said third, said fifth 
and said seventh branches are connected to a first 



power-source-connecting terminal at a substantial- 
ly constant potential, 

the second terminals of said second, said fourth, 
said sixth and said eighth branches are connected 
to a second power-source-connecting terminal at a 
substantially constant potential, 
the second terminal of said first branch and the first 
terminal of said second branch are mutually con- 
nected at a first node, the second terminal of said 
third branch and the first terminal of said fourth 
branch are mutually connected at a second node, 
the second terminal of said fifth branch and the first 
terminal of said sixth branch are mutually connect- 
ed at a third node, the second terminal of said sev- 
enth branch and the first terminal of said eighth 
branch are mutually connected at a fourth node, 
three terminals of three loads in Y connection or A 
connection are connected to said first to third 
nodes, respectively, 

said first branch includes a first output circuit for 
driving said loads, 

said third branch includes a second output circuit 
for driving said loads, 

said fifth branch includes a third output circuit for 
driving said loads, 

each of said second, said fourth and said sixth 
branches includes a switch circuit, and 
said seventh branch includes an auxiliary circuit for 
interlocking with one of said first to third output cir- 
cuits and outputting an adjusting current adjusted 
to an amount smaller substantially by a predeter- 
mined ratio than an output current outputted from 
the interlocking output circuit in the case of applying 
substantially the same input voltage as that of the 
interlocking output circuit; 

a potential difference detector for detecting the po- 
tential of said first node, said second node or said 
third node with respect to said fourth node; 
a control circuit for making said first to third output 
circuitd interlock with said auxiliary circuit in a pre- 
determined order and controlling said first to third 
output circuits; 

a switch control circuit for turning on or off one or 
two of said switch circuits in a predetermined order 
and combination in a manner synchronized with the 
operation of said control circuit; 
and 

a current ratio compensator for feeding back said 
potential difference detected by said potential dif- 
ference detector and for controlling the equivalent 
impedance across said first terminal and said sec- 
ond terminal of one of said first to said eighth 
branches, so that 

a bridge consisting of said first branch, a composite 
of said loads and either or both of said fourth and 
said sixth branches, said seventh branch, and said 
eighth branch, keeps the balance when an output 
current from said first output circuit flows through 
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said first branch, said loads, either or both of said 
fourth and said sixth branches, 
a bridge consisting of said third branch, a composite 
of said loads and either or both of said second and 
said sixth branches, said seventh branch, and said 
eighth branch, keeps the balance when an output 
current from said second output circuit flows 
through said third branch, said loads, either or both 
of said second and said sixth branches, and 
a bridge consisting of said fifth branch, a composite 
of said loads and either or both of said second and 
saidfourth branches, said seventh branch, and said 
eighth branch, keeps the balance when an output 
current from said third output circuit flows through 
said fifth branch, said loads, either or both of said 
second and said fourth branches, 
thereby holding said ratio at a substantially constant 
level. 

[0035] The power control device can reverse the out- 
put currents flowing through the respective loads by 
turning on and off the respective output circuits and the 
switch circuits in a predetermined order and combina- 
tion. That power control device is, for example, used as 
a driver for stator wire of three-phase synchronous mo- 
tor or inductive motor. The arrangement of only the con- 
ducting branches of the output network is substantially 
the same as the bridge circuit of the above-described 
power control device and, therefore, the effects thereof 
are equivalent to the above-described one. 
[0036] According to a preferred mode of the power 
control device from one aspect, said eighth branch in- 
cludes a current setting circuit for holding at a substan- 
tially constant level or changing quasistatically said ad- 
justing current. If the adjusting current is held constant 
with the current setting circuit, then the output current is 
constant, since the ratio of the output current to the ad- 
justing current is held constant by the current ratio com- 
pensator. Alternatively, if the adjusting current changes 
q uasistatically by the current setting circuit, then the out- 
put current also changes quasistatically in the same 
manner. 

[0037] In the above-describedpower control device, 
preferably from yet another aspect, said current ratio 
compensator provides the control of said equivalent im- 
pedance over said switch circuits. Thereby, the switch 
circuit for reversing the current flowing through the load 
can also be used as a compensator for making the 
bridge circuit keep the balance. 

[0038] According to a preferred mode of the above- 
described power control device from yet another aspect, 
said current ratio compensator may provide the control 
of said equivalent impedance over one of said first to 
third output circuits. Thereby, the same output circuit 
can be used in order to perform the original function as 
a driver for the load, the above-described function as a 
protective circuit against excess current and the function 
as the compensator for making the bridge circuit keep 



the balance. 

[0039] A power control device according to the 
present invention developed into still another modefrom 
the secondarily mentioned power control device accord- 
5 jng to the present invention, comprises: 

an output network consisting of a first branch, a sec- 
ond branch, a third branch, a fourth branch, a fifth 
branch, a sixth branch, a seventh branch, an eighth 

10 branch, a ninth branch, a tenth branch, an eleventh 
branch and a twelfth branch, wherein 
each of said first to twelfth branches includes a first 
terminal and a second terminal, 
the first terminals of said first, said third, said fifth, 

is said seventh, said ninth and said eleventh branches 
are connected to a first power-source-connecting 
terminal at a substantially constant potential, 
the second terminals of said second, said fourth, 
said sixth, said eighth, said tenth and said twelfth 

20 branches are connected to a second power-source- 
connecting terminal at a substantially constant po- 
tential, 

the second terminal of said first branch and the first 
terminal of said second branch are mutually con- 

25 nected at a first node, the second terminal of said 
third branch and the first terminal of said fourth 
branch are mutually connected at a second node, 
the second terminal of said fifth branch and the first 
terminal of said sixth branch are mutually connect- 

30 ed at a third node, the second terminal of said sev- 
enth branch and the first terminal of said eighth 
branch are mutually connected at a fourth node, the 
second terminal of said ninth branch and the first 
terminal of said tenth branch are mutually connect- 

35 ed at a fifth node, the second terminal of said elev- 
enth branch and the first terminal of said twelfth 
branch are mutually connected at a sixth node, 
three terminals of three loads in Y connection or A 
connection are connected to said first to third 

40 nodes, respectively, 

said first branch includes a first output circuit for 
driving said loads, 

said third branch includes a second output circuit 
for driving said loads, 
45 said fifth branch includes a third output circuit for 
driving said loads, 

each of said second, said fourth and said sixth 

branches includes a switch circuit, 

said seventh branch includes a first auxiliary circuit 

so for interlocking with said first output circuit and out- 
putting a first adjusting current adjusted to an 
amount smaller substantially by a predetermined 
first ratio than a first output current outputted from 
said first output circuit in the case of applying sub- 

55 stantially the same input voltage as that of said first 
output circuit, 

said ninth branch includes a second auxiliary circuit 
for interlocking with said second output circuit and 
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outputting a second adjusting current adjusted to an 
amount smaller substantially by a predetermined 
second ratio than a second output current outputted 
from said second output circuit in the case of apply- 
ing substantially the same input voltage as that of 5 
said second output circuit, and 
said eleventh branch includes a third auxiliary cir- 
cuit for interlocking with said third output circuit and 
outputting a third adjusting current adjusted to an 
amount smaller substantially by a predetermined 10 
third ratio than a third output current outputted from 
said third output circuit in the case of applying sub- 
stantially the same input voltage as that of said third 
output circuit; 

a potential difference detector for detecting the po- '5 
tential of said first node with respect to said fourth 
node as a first potential difference, the potential of 
said second node with respect to said fifth node as 
a second potential difference and the potential of 
said third node with respect to said sixth node as a 20 
third potential difference; 

a control circuit for operating in a predetermined or- 
der and controlling a pair of said first output circuit 
and said first auxiliary circuit, a pair of the second 
output circuit and said second auxiliary circuit and 25 
a pair of the third output circuit and said third auxil- 
iary circuit; 

a switch control circuit for turning on or off one or 
two of said switch circuits in a predetermined order 
and combination in a manner synchronized with the 30 
operation of said control circuit; 
and 

a current ratio compensator for controlling the 
equivalent impedance across said first terminal and 
said second terminal of one of said first to twelfth 35 
branches, 

for feeding back said first potential difference de- 
tected by said potential difference detector so that 
abridge consisting of said first branch, a composite 
of said loads and either or both of said fourth and *o 
said sixth branches , said seventh branch, and said 
eighth branch, keeps the balance, thereby holding 
said first ratio at a substantially constant level when 
said first output current flows through said first 
branch, said loads, either or both of said fourth and 45 
said sixth branches, 

for feeding back said second potential difference 
detected by said potential difference detector so 
that abridge consisting of said third branch, a com- 
posite of said loads and either or both of said sec- 50 
ond and said sixth branches, said ninth branch, and 
said tenth branch, keeps the balance, thereby hold- 
ing said second ratio at a substantially constant lev- 
el when said second output current flows through 
said third branch, said loads, either or both of said 55 
second and said sixth branches, and 
for feeding back said third potential difference de- 
tected by said potential difference detector so that 
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a bridge consisting of said fifth branch, a composite 
of said loads and either or both of said second and 
said fourth branches, said eleventh branch, and 
said twelfth branch, keeps the balance, thereby 
holding said third ratio at a substantially constant 
level when said third output current flows through 
said fifth branch, said loads, either or both of said 
second and said fourth branches. 

[0040] The power control device can reverse the out- 
put currents flowing through the respective loads by 
turning on or off the respective output circuits and the 
switch circuits in a predetermined order and combina- 
tion in the same way as described above. Therefore, the 
power control device can be used, for example, as a 
driver for stator wire of three-phase synchronous motor 
or inductive motor. The arrangement of only the con- 
ducting branches of the output network is substantially 
the same as the bridge circuit of the secondarily men- 
tioned power control device according to the present in- 
vention and, therefore, the effects thereof are equivalent 
to the secondarily mentioned power control device. 
[0041] The power control device, in contrast with the 
above-described power control device, has a plurality of 
the auxiliary circuits one-to-one corresponding to a plu- 
rality of the output circuits. Thereby, the circuit scale is 
larger than the above-described one. On the contrary, if 
the ratio of the adjusting current to the output current is 
set at a predetermined value with a high precision, the 
above-described power control device requires mini- 
mizing the structural difference among a plurality of the 
output circuits since the auxiliary circuit is used in com- 
mon, but that power control device does not. 
[0042] In addition, in the case of monolithically form- 
ing the power control device according to the present 
invention as an integrated circuit, the output circuits 
must be put apart from each other to a certain extent on 
the chip in the above-described power control device. 
Therefore, non-uniformity in position of the temperature 
or the wafer structure on the chip can easily appear as 
the difference between the operations of the plural out- 
put circuits and, as a result, the precision of the output 
control tends to drop. On the contrary, in that power con- 
trol device, the output circuit and the auxiliary circuit, 
both of which correspond to each other, can be formed 
immediately next to each other and, therefore, the 
above-described non-uniformity of the temperature or 
the wafer structure can be substantially ignored for the 
pair of the circuits. 

[0043] The power control device in a preferredmode 
according to one aspect has a current setting circuit in 
said eighth branch, said tenth branch and said twelfth 
branch each, for holding at a substantially constant level 
or changing quasistatically said first adjusting current, 
said second adjusting current and said third adjusting 
current, respectively. If the adjusting current is held con- 
stant with the current setting circuit, then the output cur- 
rent is also constant, since the ratio of the output current 
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to the adjusting current is held constant by the current 
ratio compensator. Alternatively, if the adjusting current 
changes quasistatically with the current setting circuit, 
then the output current changes quasistatically in the 
same manner. 

[0044] In the above-described power control device 
preferably from still another aspect, said current ratio 
compensator provides the control of said equivalent im- 
pedance over said switch circuit. Thereby, the switch cir- 
cl»i for reversing the current flowing through the load 
can also be used as the compensator for making the 
bnoqc c fcurt Keco the balance. 

[0045] in h preferred mode of the above-described 
power confoi device from yet another aspect, said cur- 
rent ratio compcnsa:or may provide the control of said 
ccuivaicnt mpeOancc over one of said first to third out- 
put circuits Tnercoy me same output circuit can be 
used m oroer to perform the original function as a driver 
lo- the lone if e above -described function as a protec- 
tive circuit ngairiM cmccss current and the function as 
the cDmocnsaior tor making the bridge circuit keep the 
balance 

[0046] The fibovc described power control device ac- 
cording to the present invention is formed so as to in- 
clude m the output notwork. two or three of substantially 
the samo circuit pans as the bridge circuit of the sec- 
ondanry mentioned power control device according to 
the present invention at the time of conducting the cur- 
rent during a predetermined period of the operation 
time It would be easy for ordinary engineers who belong 
to a field related to the present invention (hereinafter re- 
ferred to as those skilled in the art) to extend the power 
control device according to the present invention so as 
to make it include four or more of the same circuit parts, 
thereby use it as. tor example, a four or more phase driv- 
er 

[0047] In addition, a power control device according 
to still another aspect of the present invention has at 
least two output control parts, each of which is the 
above-described power control device according to the 
present invention being able to reverse the current flow- 
ing through a load, and a micro-step control circuit for 
controlling said adjusting currents of said output control 
parts, thereby controlling the currents flowing through 
said respective loads. 

[0048] That power control circuit can independently 
control the currents flowing through the respective loads 
included in the respective output control parts. That 
power control circuit is used as, for example, a driver 
such as in a stepping motor. Each of the output control 
parts has the same structure as the above-described 
power control device being able to reverse a current of 
a load and, therefore, the effects thereof are the same 
as the above-described power control device. 
[0049] Each of the output control parts may have a 
current setting circuit for holding at a substantially con- 
stant level or changing quasistatically said adjusting cur- 
rent in the same way as the above-described power con- 



trol device. The current setting circuit is included in a 
branch through which adjusting current from the auxil- 
iary circuit flows. In addition, said current ratio compen- 
sator may provide the control of said equivalent imped- 
5 ance over said switch circuit or said output circuit. Owing 
to the above-described structure and effects, the output 
control with a high precision can be provided in the same 
way as the above-described power control device. 
[0050] In the above-described power control device 
io according to the present invention, preferably from one 
aspect, a main resistance in the periphery of said output 
circuit and an auxiliary resistance in the periphery of said 
auxiliary circuit interlocking with said output circuit are 
adapted to satisfy a substantial proportionality between 
15 said output current from said output circuit and said ad- 
justing current from said auxiliary circuit. The main re- 
sistance is preferably connected in series with the out- 
put circuit and includes a parasitic resistance of the out- 
put circuit and a resistance which cannot be structurally 
20 removed. The auxiliary resistance is preferably connect- 
ed in series with the auxiliary circuit. For example, as 
described above, in the case where the power control 
device according to the present invention has a bridge 
circuit consisting of four branches from the first to the 
25 fourth branches, the main resistance in the first branch 
is connected in series to the output circuit between the 
first and the second terminals of the first branch. An aux- 
iliary resistance in the third branch is connected in series 
to the auxiliary circuit between the first and the second 
30 terminals of the third branch. Here, "being adapted" 
means, concretely, that said auxiliary resistance has a 
resistance value substantially equal to the resistance 
value of said main resistance multiplied by the inverse 
of the proportional coefficient of said proportionality. 
35 [0051 ] For example, in the case where the output cir- 
cuit is formed as a semiconductor element, a resistance 
which cannot be structurally removed always exists in 
the periphery of the output circuit. Then, the auxiliary 
resistance having the above-described resistance value 
40 is arranged in the periphery of the auxiliary circuit. Thus , 
an error given by the main resistance to the ratio of the 
output circuit to the adjusting current can be reduced. 
Therefore, the precision of the output control can avoid 
reducing in spite of the existence of the main resistance. 
45 [0052] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed de- 
50 scription taken in conjunction with the drawings. 

Brief Description of Drawings 

[0053] 

55 

Fig. 1 is a circuit diagram of a power control device 
according to the first embodiment of the present in- 
vention; 
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Fig. 2 is a circuit diagram of a power control device 
according to the second embodiment of the present 
invention; 

Fig. 3A is a circuit diagram of a power control device 
according to the third embodiment of the present 5 
invention; 

Fig. 3B is a diagram representing a circuit forming 
a current source 12; 

Fig. 4 is a circuit diagram of a power control device 
according to the fourth embodiment of the present 10 
invention; 

Fig. 5A is a circuit diagram of a power control device 
according to the fifth embodiment of the present in- 
vention; 

Fig. 5B is a circuit diagram of a power control device *5 
according to the sixth embodiment of the present 
invention; 

Fig. 6 is a partial circuit diagram illustrating only the 
vicinity of an output transistor 1 and an auxiliary 
transistor 2 in the seventh embodiment of the 20 
present invention; 

Fig. 7 A is a circuit diagram of a power control device 
according to the eighth embodiment of the present 
invention; 

Fig. 7B is a circuit diagram of a power control device 25 
according to the ninth embodiment of the present 
invention; 

Fig. 8A is a circuit diagram of a power control device 
according to the tenth embodiment of the present 
invention; 30 
Fig. 8B is a circuit diagram of a power control device 
according to the eleventh embodiment of the 
present invention; 

Fig. 8C is a circuit diagram of a power control device 
according to the twelfth embodiment of the present 35 
invention; 

Fig. 8D is a circuit diagram of a power control device 
according to the thirteenth embodiment of the 
present invention; 

Fig. 9A is a circuit diagram of a power control device *o 
according to the fourteenth embodiment of the 
present invention; 

Fig. 9B is a circuit diagram of a power control device 
according to the fifteenth embodiment of the 
present invention; 43 
Fig. 1 0A is a circuit diagram of a power control de- 
vice according to the sixteenth embodiment of the 
present invention; 

Fig. 1 0B is a circuit diagram of a power control de- 
vice according to the seventeenth embodiment of so 
the present invention; 

Fig. 10C is a circuit diagram of a power control de- 
vice according to the eighteenth embodiment of the 
present invention; 

Fig. 1 0D is a circuit diagram of a power control de- 55 
vice according to the nineteenth embodiment of the 
present invention; 

Fig. 11 is a circuit diagram of a power control device 



according to the twentieth embodiment of the 
present invention; 

Fig. 12A is a circuit diagram of a power control de- 
vice according to the twenty -first embodiment of the 
present invention; 

Fig. 12B is a circuit diagram of a power control de- 
vice according to the twenty-second embodiment of 
the present invention; 

Fig. 13 is a circuit diagram of an circuit breaker ac- 
cording to the first conventional example; 
Fig. 14 is a circuit diagram of an circuit breaker ac- 
cording to the second conventional example; 
Fig. 15 is a circuit diagram of an circuit breaker ac- 
cording to the third conventional example; 
Fig. 1 6A is a diagram showing a graph representing 
the changes of the output current 1 1 and the adjust- 
ing current 12 with respect to the gate voltage of the 
output transistor 1 in the second conventional ex- 
ample; 
and 

Fig. 1 6B is a diagram showing a graph representing 
the changes of the output current 11 and the adjust- 
ing current 12 with respect to the gate voltage of the 
output transistor 1 in the third conventional exam- 
ple. 

[0054] It will be recognized that some or all of the Fig- 
ures are schematic representations for purposes of il- 
lustration and do not necessarily depict the actual rela- 
tive sizes or locations of the elements shown. 

Best Mode for Carrying Out the Invention 

[0055] The best mode of the present invention is ex- 
plained through the following description of some pre- 
ferred embodiments with reference to the drawings. 

« First Embodiment* 

[0056] Fig. 1 is a circuit diagram of the power control 
device according to the first embodiment of the present 
invention. 

[0057] An electrode 9 is connected to a direct voltage 
source 1 0 at a substantially constant potential. 
[0058] An output transistor 1 is preferably an n-chan- 
nel metal oxide film field effect transistor (MOS FET) and 
has the drain connected to the electrode 9 and the 
source connected to a load 3. 

[0059] The load 3 is grounded through the terminal 
different from that connected to the output transistor 1 . 
[0060] An auxiliary transistor 2 is preferably an n- 
channel MOSFET and has the drain connected to the 
electrode 9 and the source connected to the source of 
a compensating transistor 5. The ratio 11/12 of the source 
current 11 of the output transistor 1 to the source current 
12 of the auxiliary transistor 2 is designed at a substan- 
tially constant level (hereinafter assumed to be as fol- 
lows: 11/12= n) independent of the potentials of the three 
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terminals of drain, source and gate when each potential 
of the three terminals is common between both of the 
transistors. That design is practicable, for example, in 
the case of monolithically manufacturing the first em- 
bodiment as an integrated circuit, by setting a size ratio 
of the output transistor 1 to the auxiliary transistor 2 at 
n:1 since the transistors are the same n-channel MOS- 
FET. 

[0061] The compensating transistor 5 is preferably a 
p-channel MOSFET and has the drain connected to a 
current-detecting resistance 6. 

[0062] The current-detecting resistance 6 is grounded 
through the terminal different from that connected to the 
compensating transistor 5. 

[0063] A first differential amplifier 4 detects the poten- 
tial of the junction point between the output transistor 1 
and the load 3, namely the node P, with respect to the 
junction point between the auxiliary transistor 2 and the 
compensating transistor 5, namely the nodeQ, and out- 
puts the voltage proportional to the potential difference 
to the gate of the compensating transistor 5. 
[0064] A second differential amplifier 8 compares the 
potential of the junction point between the compensat- 
ing transistor 5 and the current-detecting resistance 6, 
namely the node R, with a reference voltage 7, and out- 
puts the voltage proportional to the potential difference 
to a control circuit 1 1 . 

[0065] The control circuit 11 outputs a common con- 
trol signal to the gates of the output transistor 1 and the 
auxiliary transistor 2 based on the output voltage of the 
second differential amplifier 8, and changes the voltag- 
es between drain and source at substantially the same 
time and in substantially the same manner. Hereinafter, 
such operations of the output transistor 1 and the aux- 
iliary transistor 2 are referred to as "interlocking." 
[0066] With the above-described configuration, the 
first embodiment controls the output current 11 outputted 
to the load 3 as follows: 

[0067] First, by the first differential amplifier 4 and the 
compensating transistor 5 : the potential of the node Q 
is raised and drops when the potential of the node P with 
respect to the node Q is increased positively and nega- 
tively, respectively. Thus, the source potential of the out- 
put transistor 1 (the potential of the node P) and the 
source potential of the auxiliary transistor 2 (the poten- 
tial of the node Q) become substantially equal. That is 
to say, the output transistor 1 , the load 3, the auxiliary 
transistor 2, the compensating transistor 5 and the cur- 
rent-detecting resistance 6 are considered as a bridge. 
According to that consideration, the compensating tran- 
sistor 5 changes the equivalent impedance between the 
drain and the source based on the potential difference 
between the node P and the node Q fed back by the first 
differential amplifier 4, thereby adjusting the potential 
difference between the node P and the node Q to 0 and 
making the bridge keep the balance. 
[0068] The drain potentials of the output transistor 1 
and the auxiliary transistor 2 are substantially equal and 
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the gate potentials thereof are substantially equal as 
clearly shown in Fig. 1. Therefore, when the bridge is 
balanced as described above, each of the three termi- 
nals of the one transistor is at substantially the same 

5 potential as the corresponding terminal of the othertran- 
sistor. Then, the ratio 11/12 between the source currents 
of both transistors is held at a constant value n. Accord- 
ingly, if the source current of the auxiliary transistor 2, 
namely the adjusting current 12 is controlled so as to 

10 agree with a predetermined target value with the bridge 
balanced, the source current of the output transistor 1 , 
namely the output current 11 can be controlled so as to 
agree with n times as large as the target value. 
[0069] The adjusting current 12 is controlled as fol- 

is lows: The second differential amplifier 8 compares the 
potential of the node R, namely the voltage drop devel- 
oped across the current-detecting resistance 6 by the 
adjusting current 12, with the reference voltage 7. The 
value of the reference voltage 7 is equal to the voltage 

20 drop developed across the current-detecting resistance 
6 by the adjusting current 12 equal to the control target 
value it. The comparison result, including the sign, of 
the second differential amplifier 8 is outputted to the con- 
trol circuit 11 . The control circuit 11 raises and reduces 

25 the gate potential of the auxiliary transistor 2 based on 
the comparison result, when the adjusting current 12 is 
smaller and larger than the control target value it, re- 
spectively. At the same time, the gate potential of the 
output transistor 1 changes in exactly the same manner. 

30 Thus, the adjusting current 12 agrees with the control 
target value It and, at the same time, the output current 
11 agrees with n times as large as the control target value 
It. 

[0070] In the control of the output current 11 as de- 

35 scribed above, the current-detecting resistance 6 is not 
included in the main branch including the output transis- 
tor 1 and the load 3. Accordingly, the range of the output 
voltage (the dynamic range) is wider than the first con- 
ventional example. In addition, in contrast with thesec- 

40 ond conventional example, the output transistor 1 and 
the auxiliary transistor 2 are controlled so as to hold 
each potential of the three terminals in common. There- 
fore, the ratio 11/12 of the source currents is constant 
substantially independent of the temperature and the 
potentials of the three terminals. Accordingly, changes 
of the temperature and the potentials of the three termi- 
nals are prevented from reducing the output control pre- 
cision in contrast with the second conventional example. 
[0071] In the above description, the control circuit 11 

so controls the output current 11 based on the output of the 
second differential amplifier 8. However, the control cir- 
cuit 1 is not limited to provide only that control and may 
provide the control of the output current 1 with another 
known means and, on the other hand, use the output of 

55 the second differential amplifier 8 for the conditional 
judgment on cutting off the output transistor 1 and the 
auxiliary transistor 2 in order to protect the circuit ele- 
ments from excess current. In that case, the reference 
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voltage 7 is set at the potential of the node R, when the 
adjusting current 12 is equal to 1/n of the maximum tol- 
erance value for the output current 11 . 
[0072] In the first embodiment, the control circuit 11 
may be a circuit which can output a predetermined volt- 
age based on the input voltage. Such a circuit could be 
easily designed by those skilled in the art. 

«Second Embodiment** 

[0073] Fig. 2 shows a circuit diagram according to the 
second embodiment of the present invention. In Fig. 2, 
the same reference signs as Fig. 1 represent the same 
components as Fig. 1 , and the descriptions of the first 
embodiment are cited to the description of the same 
components as Fig. 1 . In contrast with the first embod- 
iment, the second embodiment corresponds to that 
wherein the output transistor 1 and the auxiliary transis- 
tor 2 each are inversely connected between the drains 
and the sources and the reference voltage 7 and the 
second differential amplifier 8 each have the opposite 
polarities. In the second embodiment, as shown in Fig. 
2, the high potential side of the direct voltage source 1 0 
is connected to the first electrode 9a corresponding to 
the ground side in the first embodiment, and the second 
electrode 9 is grounded. As could be easily understood 
by those skilled in the art, the second embodiment is 
essentially equivalent to the first embodiment except for 
the output current 11 inversely flowing through the load 
3. 

«Third Embodiment* 

[0074] Fig. 3A shows a circuit diagram according to 
the third embodiment of the present invention. In Fig. 
3A, the same reference signs as Fig. 1 represent the 
same components as Fig. 1 , and the descriptions of the 
first embodiment are cited to the description of the same 
components as Fig. 1 . 

[0075] The third embodiment has a current source 1 2 
in place of the current-detecting resistance 6 of the first 
embodiment (Fig. 1). Fig. 3B is a diagram representing 
a circuit forming a current source 1 2. The current source 
1 2 represents a circuit comprising a plural ity of elements 
as shown in Fig. 3B and includes a transistor 12a, a re- 
sistance 1 2b, a differential amplifier 1 2c and a reference 
voltage 12d. 

[0076] The transistor 12a is an n-channel MOSFET, 
and inputs an adjusting current 12 through the drain. The 
resistance 1 2b is connected between the source of the 
transistor 12a and the grounded terminal. The differen- 
tial amplifier 12c compares the amount of voltage drop 
developed across the resistance 1 2b by the source cur- 
rent of the transistor 1 2a, with the reference voltage 1 2d 
and controls the source current so that the amount of 
voltage drop becomes substantially lower than the ref- 
erence voltage. The reference voltage 1 2d is set to cor- 
respond to the voltage drop developed across the re- 
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sistance 12b when the source current is equal to the 
control target value It. Thus , the current source 12 holds 
the adjusting current 12 substantially at a control target 
value It. 

5 [0077] In Fig. 3A, the control circuit 1 3 is a switch cir- 
cuit for applying or removing the voltage of the power 
source for control 15 to or from the gates of the output 
transistor 1 and the auxiliary transistor 2 by being turned 
on or off in accordance with the input from the differential 

10 amplifier 4 or the outside 14. The voltage of the power 
source for control 15 is divided with the resistance 16a 
and the resistance 16b, thereby being a gate voltage 
sufficient to turn on the output transistor 1 and the aux- 
iliary transistor 2. 

15 [0078] The anode of the diode 1 7 is grounded and the 
cathode thereof is connected to the node P. 
[0079] According to the above-described configura- 
tion, the third embodiment operates as follows: the larg- 
er the potential of the node P drops, the more the output 

20 transistor 1 at a constant gate potential outputs the out- 
put current 11 . When the output of the differential ampli- 
fier 4 is a predetermined threshold value or more, that 
is to say, the potential of the node P with respect to the 
node Q is higher than a predetermined tolerance lower 

25 limit value (preferably a negative value), the control cir- 
cuit 13 turns on or off the output transistor 1 and the 
auxiliary transistor 2 in accordance with the input from 
the outside 1 4. Then the output current 1 1 is substantially 
smaller than a value n X It corresponding to zero poten- 

30 tial difference between the node P and the node Q since 
the adjusting current 12 is held at the control target value 
It by the current source 1 2 and the potential of the node 
P with respect to the node Q is higher than the above- 
described tolerance lower limit value. 

35 [0080] On the other hand, when the output of the dif- 
ferential amplifier 4 is less than the above-described 
threshold value, that is to say, the potential of the node 
P with respect to the node Q does not reach the above- 
described tolerance lower limit value, the control circuit 

40 1 3 is turned off irrespective of the input from the outside 
14. Thereby, the output transistor 1 and the auxiliary 
transistor 2 are cut off since the respective gate poten- 
tials drops. Accordingly, if the tolerance lower limit value 
for the potential difference between the node P and the 

45 node Q is set at a value corresponding to a tolerance 
upper limitvatueof the output current 11 , circuit elements 
can be protected from excess current. 
[0081] In addition, if the load 3 has an inductive reac- 
tance, the load current IL flowing through the load 3 can 

so be controlled in the following manner to avoid exceeding 
the control target value n x It substantially beyond a 
predetermined control range AM. 
[0082] First, the tolerance lower limit value for the po- 
tential difference between the node P and the node Q 

55 is set at a slightly negative value corresponding to the 
output current 11 larger than the control target value n X 
It by A 11. 

[0083] When the output current 11 exceeds the control 
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target value n x It beyond A 11 , the control circuit 13 is 
turned off since the potential difference between the 
node P and the node Q drops beyond the tolerance low- 
er limit value, thereby turning off the output transistor 1 
and the auxiliary transistor 2. Then, though the output 
current 11 drops abruptly to 0, the load current IL slowly 
decreases owing to the inductance of the load 3 during 
the time when it flows through the diode 1 7. Then, before 
the load current IL becomes too small, the input from 
the outside 14 turns on the control circuit 13, thereby 
turning on the output transistor 1 and the auxiliary tran- 
sistor 2. Here, instead of being turned on by the input 
from the outside 14, the control circuit 13 may be set 
being turned on by itself after a predetermined period 
since it was turned off. When a voltage from the direct 
voltage source 1 0 is again applied to the load 3 and the 
potential of the node P is raised to a high level, the output 
current 11 , namely the load current IL will slowly increase 
owing to the inductance of the load 3 and then the po- 
tential of the node P will again decrease together. 
[0084] As the result of the repeat of the above-de- 
scribed operation, the load current IL does not exceed 
the control target value n x It substantially beyond AM. 
In addition, adjusting the timing of turning on the control 
circuit 13 owing to the input from the outside 14 can 
make the time mean value of the load current IL agree 
with the control target value n X It. 
[0085] In the above description, the current source 1 2 
holds the adjusting current 12 at a constant level during 
the interval when the auxiliary transistor 2 is on . The time 
when the adjusting current is held at a constant level in 
such away, however, maybe longer than the switching 
period when the output transistor 1 is turned on and off 
as described above. In other words, changing the refer- 
ence voltage 12d of the current source 12 more slowly 
than the above-described switching can slowly change 
the control target value It of the adjusting current 12, 
thereby changing the control target value n X It of the 
output current 11 in the same manner. In the present 
specification, such a change slower than the switching 
of the output transistor 1 is referred to as "quasistatic 
change." 

[0086] According to the third embodiment, in the 
same way as the first embodiment, since insertion of a 
current-detecting resistance is not required in the main 
branch including the output transistor 1 and the load 3 
and, therefore : the range of the output voltage (dynamic 
range) can be wider than the case of inserting a current- 
detecting resistance in the main branch. 
[0087] In addition, shifts of the output current 11 orthe 
load current IL from the control target value caused by 
temperature change or the potentials of the three termi- 
nals of the output transistor 1 can be reduced to a small- 
er amount than the conventional examples, since the 
potential difference between the node P and the node 
Q can be kept under a predetermined tolerance level. 
[0088] Here : when the output transistor 1 and the aux- 
iliary transistor 2 are off, the energy stored in the load 3 



may be outputted to the outside through the diode 17. 
In that case, the third embodiment functions as a power 
source device for the outside. The function as the power 
source device may be also practicable in the case of 
5 adding a diode corresponding to the diode 1 7 to the 
structure of the first embodiment or the second embod- 
iment. 
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xFourth Embodiment* 



[0089] Fig. 4 shows a circuit diagram according to the 
fourth embodiment of the present invention. In Fig. 4, 
the same reference signs as Fig. 3 represent the same 
components as Fig.3A, and the descriptions of the third 

15 embodiment are cited to the description of the same 
components as Fig. 3A. In contrast with the third em- 
bodiment, the fourth embodiment corresponds to that 
wherein the output transistor 1 and the auxiliary transis- 
tor 2 each are inversely connected between the drains 

20 and the sources and the differential amplifier 4 and the 
diode 1 7 each have the opposite polarities. In the fourth 
embodiment, as shown in Fig. 4, the high potential side 
of the direct voltage source 10 is connected to the first 
electrode 9a corresponding to the ground side in the 

25 third embodiment and the second electrode 9 is ground- 
ed. As could be easily understood by those skilled in the 
art, the fourth embodiment is essentially equivalent to 
the third embodiment except for the point where the out- 
put current IL flowing through the load 3 is reversed. 

30 

«Fifth Embodiment* 

[0090] Fig. 5A shows a circuit diagram according to 
the fifth embodiment of the present invention. In Fig. 5A, 
35 the same reference signs as Fig. 3 represent the same 
components as Fig. 3A, and the descriptions of the third 
embodiment are cited to the description of the same 
components as Fig. 3A. 

[0091] The current source 12v is the same circuit as 
40 the current source 12 as shown in Fig. 3Bbut able to be 
set a reference voltage corresponding to the reference 
voltage 1 2d at a predetermined value by the input from 
the outside. Accordingly, the current source 12v holds 
the adjusting current 12 at the control target value It, and 
45 the control target value It is set by the input from the 
outside. 

[0092] In Fig. 5A, the switching transistor 18 is an n- 
channel MOSFET and has the drain connected to the 
load 3 and the source grounded. 

50 [0093] The anode of the diode 19 is connected be- 
tween the load 3 and the drain of the switching transistor 
18 and the cathode is connected to the electrode 9. 
[0094] The control circuit 20 controls the gate poten- 
tials of the output transistor 1 and the auxiliary transistor 

55 2in accordance with the inputfrom the outside 14, there- 
by controlling the output current 11 and the adjusting cur- 
rent 12. In addition, the current source 12v is controlled, 
thereby changing the control target value It of the ad- 
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justing currenH2. 

[0095] A switch control circuit 21 controls the gate po- 
tential of the switching transistor 1 8 in accordance with 
the input from the differential amplifier 4, thereby con- 
trolling the output current 11 . Concretely, when the po- 
tential of the node P with respect to the node Q is pos- 
itively increased, the switch control circuit 21 raises the 
gate potential of the switching transistor 1 8, thereby in- 
creasing the output current 11 . On the other hand, when 
the potential of the node P with respect to the node Q is 
negatively increased, the switch control circuit 21 lowers 
the gate potential of the switching transistor 1 8, thereby 
reducing the output current 11 . 

[0096] According to the above-described configura- 
tion, the fifth embodiment operates as follows: 
[0097] First, when the potential of the node P with re- 
spect to the node Q is positively increased, the output 
current 11 will increase by the differential amplifier 4, the 
switch control circuit 21 and the switching transistor 1 8, 
and then the potential of the node P will drop together. 
Contrariiy, when the potential of the node P with respect 
to the node Q is negatively increased, the output current 
11 will be reduced, and then the potential of the node P 
will be raised together. Thus, the source potential of the 
output transistor 1 (the potential of the node P) and the 
source potential of the auxiliary transistor 2 (the poten- 
tial of the node Q) become substantially equal. In other 
words, if the output transistor 1 , the load 3 and the 
switching transistor 1 8, the auxiliary transistor 2, and the 
current source 12v are considered as a bridge, the 
switching transistor 18 changes the equivalent imped- 
ance between the drain and the source based on the 
potential difference between the node P and the node 
Q fed back by the differential amplifier 4, thereby adjust- 
ing the potential difference between the node P and the 
node Q to 0, that is to say, making the bridge keep the 
balance. 

[0098] The drain potentials of the output transistor 1 
and the auxiliary transistor 2 are substantially equal, and 
the gate potentials thereof are substantially equal, as 
clearly shown in Fig. 5A. Therefore, when the bridge is 
balanced as described above, each potential of the 
three terminals of both transistors is substantially equal. 
Then, the ratio 1 1 /I2 of the output current to the adjusting 
current 12 is held at a constant value n. 
[0099] Since the adjusting current 12 is controlled by 
the current source 12v with the bridge balanced so as 
to agree with the control target value It, the output cur- 
rent 11 is controlled so as to agree with n times as large 
as the control target value It. Thus, the ratio 11/12 of the 
output current II to the adjusting. current 12 is held at a 
constant value n with a higher precision than the con- 
ventional examples. As a result, the control circuit 20 
can control the output current 11 with a higher precision 
than the conventional examples in the case of changing 
the output current 11 to a predetermined value by chang- 
ing the control target value It of the current source 12v, 
or in the case of turning on and off the output transistor 



1 and the auxiliary transistor 2 in an interlocking way, 
thereby making the output transistor output the output 
current 11 modulated in pulse width modulation (PWM). 
[0100] The differential amplifier 4, the switch control 

5 circuit 21 and the switching transistor 18 can function as 
a protective circuit for protecting circuit elements from 
excess current as follows: When the output of the differ- 
ential amplifier 4 is a predetermined threshold value or 
more, that is to say, the potential of the node P with re- 

10 spect to the node Q is higher than a predetermined tol- 
erance lower limit value (preferably a negative value of 
the sufficiently large absolute value), the switch control 
circuit 21 controls the switching transistor 18 as de- 
scribed above. On the other hand, when the output of 

15 the differential amplifier 4 is less than the above-de- 
scribed threshold value, that is to say, the potential of 
the node P with respect to the node Q does not reach 
the above-described tolerance lower value, the switch 
control circuit 21 completely turns off the switching tran- 

20 sistor 18. Thereby, the output current 11 is cut off. Ac- 
cordingly, if the tolerance lower limit value for the poten- 
tial difference between the node P and the node Q is set 
at a value corresponding to the tolerance upper limit val- 
ue of the output current 11 , the circuit elements can be 

25 protected from excess current. 

[0101] The switch control circuit 21 provides the ana- 
log control over the switching transistor 1 8 as described 
above. In another way, when the load 3 has an inductive 
reactance, the switch control circuit 21 can make the 

30 bridge substantially keep the balance by providing a 
switching control over the switching transistor 1 8 as fol- 
lows: 

[01 02] First, the tolerance lower limit value for the po- 
tential difference between the node P and the node Q 
35 is set at a slightly negative value corresponding the out- 
put current 11 larger than the control target value n X It 
by A 11. 

[0103] When the output current 11 exceeds the control 
target value n x It beyond A 11 , the switch control circuit 

40 21 turns off the switching transistor 1 8 since the poten- 
tial difference between the node P and the node Q drops 
beyond the tolerance lower limit value. Then, the output 
current 11 keeps flowing through the diode 1 9 but slowly 
decreases owing to the inductance of the load 3. Then, 

45 before the output current 11 becomes too small, the 
switch control circuit 21 again turns on the switching 
transistor 1 8. Here, the switch control circuit 21 is set 
turning on the switching transistor 18 after a predeter- 
mined period since it turned off the switching transistor. 

50 When a voltage from the direct voltage source 10 is 
again applied to the load 3 and the potential of the node 
P is raised to a high level, the output current 11 will slowly 
increase owing to the inductance of the load 3 and then 
the potential of the node P will again decrease together. 

55 [0104] As the result of the repeat of the above-de- 
scribed operation, the output current 11 does not exceed 
the control target value n xlt substantially beyond A 11 . 
In addition, adjusting the time of the interval when the 



15 



EP 



1115203A1 I > 



29 



EP1 115 203 A1 



30 



switching transistor 18 is off can make the time mean 
value of the output current 11 agree with the control tar- 
get value n x It. 

[0105] In the control of the output current 11 as de- 
scribed above, insertion of a current-detecting resist- 
ance is not required in the main branch including the 
output transistor 1 and the load 3 and therefore the 
range of the output voltage (dynamic range) can be wid- 
er than the first conventional example wherein the re- 
sistance is inserted. In addition, in contrast with the sec- 
ond conventional example, the output transistor 1 and 
the auxiliary transistor 2 are controlled so as to hold 
each potential of the three terminals in common. There- 
fore, the ratio 11/12 of the output current 11 to the adjust- 
ing current 12 is constant substantially independent of 
the temperature and the potentials of the three termi- 
nals. Accordingly., in contrast with the conventional ex- 
ample, changes of the temperature and the potentials 
of the three terminals do not reduce the output control 
precision. 

[0106] In the above description, the current source 1 2 
holds the adjusting current 12 at a constant level during 
the interval when the auxiliary transistor2 is on . The time 
when the adjusting current is held at a constant level in 
such a way may be about as long as the switching period 
when the output transistor 1 is turned on and off as de- 
scribed above. In other words, changing the reference 
voltage of the current source 12v more slowly than the 
above-described switching period can slowly change 
the control target value It of the adjusting current 12, 
thereby changing the control target value n X It of the 
output current 11 in the same manner. 
[0107] Here : when the output transistor 1 andtheaux- 
iliary transistor 2 are turned off, energy stored in the load 
3 may be outputted to the outside through the diode 1 9. 
In that case, the fifth embodiment functions as a power 
source device for the outside. 

«Sixth Embodiment 



[0108] Fig. 5B shows a circuit diagram according to 
the sixth embodiment of the present invention. In Fig. 
5B, the same reference signs as Fig. 5A represent the 
same components as Fig. 5 A, and the descriptions of 
the fifth embodiment are cited to the description of the 
same components as Fig. 5A. In contrast with the fifth 
embodiment, the sixth embodiment corresponds to that 
wherein the output transistor 1 and the auxiliary transis- 
tor 2 each are inversely connected between the drains 
and sources and the differential amplifier 4 and the di- 
ode 19 each have the opposite polarities. In the sixth 
embodiment, as shown in Fig. 5B, the high potential side 
of the direct voltage source 1 0 is connected to the first 
electrode 9a corresponding to the ground side of thef ifth 
embodiment and the second electrode 9 is grounded. 
As could be easily understood by those skilled in the art, 
the sixth embodiment is essentially the equivalent to the 
fifth embodiment except for the point where the output 



current 11 flowing through the load 3 is reversed. 
«Seventh Embodiment* 

5 [0109] Fig. 6 shows a partial circuit diagram illustrat- 
ing only the vicinity of the output transistor 1 and the 
auxiliary transistor 2 in the seventh embodiment. The 
seventh embodiment has the same circuit as one of the 
above-described first to sixth embodiments and resist- 
to ances R1 to R4 inserted between the drain terminal of 
the output transistor 1 and the electrode 9, between the 
source terminal of the output transistor 1 and the node 
P, between the drain terminal of the auxiliary transistor 
2 and the electrode 9, and between the source terminal 
is of the auxiliary transistor 2 and the node Q, respectively. 
Among these, the resistances R1 and R2 represent sub- 
stantially parasitic resistances of the output transistor 1 . 
[0110] Strictly speaking, the drains and the sources 
of the output transistor 1 and the auxiliary transistor 2 
20 include parasitic resistances though they are not illus- 
trated in Figs. 1 to 5B showing circuits according to the 
first to the sixth embodiments. The voltage drop devel- 
oped across the above-described parasitic resistances 
cannot be generally ignored in comparison with the volt- 
25 age applied to the output transistor 1 , since the output 
current 11 flowing through the output transistor 1 is rather 
large in general. The parasitic resistances included in 
the output transistor 1 always exist owing to the struc- 
ture of the output transistor 1 , and hence cannot be com- 
30 pletely removed. Accordingly, the above-described volt- 
age drop causes an ignorable error in the ratio 11/12 of 
the output current 11 to the adjusting current 12. 
[0111] Then, the resistances R3 and R4 are connect- 
ed to the drain and the source of the auxiliary transistor 
35 2, respectively, as shown in Fig. 6. Here, the resistance 
R3 connected to the drain of the auxiliary transistor 2 is 
set at n times as large as the resistance R1 connected 
to the drain of the output transistor 1 , and the resistance 
R4 connected to the source of the auxiliary transistor 2 
40 is set at n times as large as the resistance R2 connected 
to the source of the output transistor 1 . Thereby, the ratio 
11/12 of the output current 11 to the adjusting current 12 
can be controlled at a constant value n with a higher 
precision than the case where the resistances R3 and 
45 R4 are not inserted. 

[0112] In the following embodiments, an output con- 
trol error due to a parasitic resistance of the output tran- 
sistor can be reduced by adding the same resistance as 
the seventh embodiment to the auxiliary transistor 

50 

« Eighth Embodiment* 



[0113] Fig. 7A shows a circuit diagram according to 
the eighth embodiment of the present invention. In Fig. 
55 7A, the same reference signs as Fig. 5A represent the 
same components as Fig. 5A, and the descriptions of 
the fifth embodiment are cited to the description of the 
same components as Fig. 5A. 
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[01-14] The eighth embodiment has two pairs each of 
which comprises the elements corresponding to the out- 
put transistor 1 , the switching transistor 18 and the dif- 
ferential amplifier 4 in the fifth embodiment, and the 
pairs are arranged as follows: 

[0115] The first output transistor la and the second 
output transistor 1b both correspond to the output tran- 
sistor 1 according to the fifth embodiment, and are for 
adjusting the output to the load 3. The first output tran- 
sistor la and the second output transistor 1b are prefer- 
ably n-channei metal oxide film field effect transistors 
(MOSFET) : and have the drains connected to the elec- 
trode 9 and the sources connected to the load 3. At the 
same time, the terminals of the load 3 are connected to 
the first output transistor la and the second output tran- 
sistor 1 b, respectively In addition, the anodes of the first 
flywheel diode 25a and the second flywheel diode 25b 
are connectedto the sources of the first output transistor 
la and the second output transistor 1b. respectively, and 
the cathodes of the flywheel diodes are connected to 
the drains of the output transistors. The first flywheel di- 
ode 25a and the second flywheel diode 25b are prefer- 
ably body diodes of the first output transistor la and the 
second output transistor 1b, respectively. Alternatively, 
the diodes may be independent diode elements. 
[0116] The ratio I1a/I2 of the source current 11a of the 
first output transistor la to the source current 12 of the 
auxiliary transistor 2, and the ratio I1b/I2 of the source 
current Mb of the second output transistor 1b to the 
source current 12 of the auxiliary transistor 2 are set at 
a substantially constant value (hereinafter the following: 
I1a/I2 = I1b/I2 = n) independent of the potentials of the 
three terminals of drain, source and gate when each po- 
tential of the three terminals is common between both 
transistors. 

[0117] The first switching transistor 1 8a and the sec- 
ond switching transistor 18b each correspond to the 
switching transistor 1 8 in the fifth embodiment, and are 
preferably an n-channel MOSFET. The drains of the first 
switching transistor 1 8a and the second switching tran- 
sistor 18b are connected to the sources of the first output 
transistor la and the second output transistor 1b, respec- 
tively, and the sources of the switch transistors are 
grounded. In addition, the anodes of the third flywheel 
diode 26a and the fourth flywheel diode 26b are con- 
nected to the sources of the first switching transistor 1 8a 
and the second switching transistor 18b, respectively, 
and the cathodes of the third and the fourth flywheel di- 
odes are connected to the drains of the first and the sec- 
ond switching transistors, respectively. The third fly- 
wheel diode 26a and the fourth flywheel diode 26b are 
preferably body diodes of the first switching transistor 
1 8a and the second switching transistor 1 8b, respec- 
tively. Alternatively, the flywheel diodes may be inde- 
pendent diode elements. 

[01 18] The resistances R1 a and R2a connected to the 
drain and the source of the first output transistor la, re- 
spectively, the resistances R1b and R2b connected to 
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the drain and the source to the second output transistor 
1b, respectively, and the resistances R3 and R4 con- 
nected to the drain and the source of the auxiliary tran- 
sistor 2, respectively, correspond to the resistances R1 , 

5 R2, R3 and R4 in the seventh embodiment (Fig. 6). The 
resistance values of the resistance R3 and the resist- 
ance R4 are preferably set at n times as large as the 
resistances R1a and R1b and the resistances R2a and 
R2b, respectively. 

io [01 19] The first differential amplifier 4a detects the po- 
tential of the node Pa, namely the junction point between 
the first output transistor la and the load 3 with respect 
to the node Q, and the second differential amplifier 4b 
detects the potential of the node Pb ? namely the junction 

is point between the second output transistor 1b and the 
load 3 with respect to the node Q. 
[0120] The control circuit 20A controls either of the 
gate potentials of the first output transistor la or the sec- 
ond output transistor 1 b so as to make it agree with the 

20 gate potential of the auxiliary transistor 2 according to 
the input from the outside 14, thereby controlling the first 
output current I la or the second output current lib as well 
as the adjusting current 12. In addition, controlling the 
current source 12v changes the control target value It 

25 of the adjusting current 12. 

[0121] The switch control circuit 21A turns on or off 
the first switching transistor 18a or the switching tran- 
sistor 18b in a manner synchronized with the operation 
of the control circuit 20A. Concretely, when the control 

30 circuit 20A turns on the first output transistor la and off 
the second output transistor 1 b, the switch control circuit 
21 A turns off the first switching transistor 18a and on the 
second switching transistor 18b. Then, the first output 
current 11a from the first output transistor 18a flows 

35 through the load 3. 

[01 22] On the other hand, when the control circuit 20A 
turns off the first output transistor la and on the second 
output transistor 1b, the switch control circuit 21 A turns 
on the first switching transistor 1 8a and off the second 

40 switching transistor 1 8b. Then, the second output cur- 
rent lib from the second output transistor 1 8b flows 
through the load 3. In that manner, the current flowing 
through the load 3 is reversed. 

[0123] The switch control circuit 21 A selects and in- 
45 puts either of the outputs of the first differential amplifier 
4a or the second differential amplifier 4b in a manner 
synchronized with the above-described switching oper- 
ation. According to the input from the differential ampli- 
fiers, the switch control circuit 21 A controls each gate 
50 potential of the first switching transistor 1 8a and the sec- 
ond switching transistor 18b. Thereby, the first output 
current 11a or the second output current lib is controlled. 
[0124] Concretely, when the first output transistor 1a 
turns on, the switch control circuit 21 A inputs the output 
55 of the first differential amplifier 4a. When the input indi- 
cates the positive increase of the potential of the node 
Pa with respect to the node Q, the switch control circuit 
21 A increases the gate potential of the second switching 
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transistor 1 8b, thereby increasing the first output current 
11a. On the other hand, when the input from the first dif- 
ferential amplifier 4a indicates the negative increase of 
the potential of the node Pa with respect to the node Q, 
the switch control circuit 21 A lowers the gate potential 
of the first switching transistor 1 8a, thereby reducing the 
first output current I la. 

[0125] On the other hand, when the second output 
transistor 1b turns on, the switch control circuit 21 A in- 
puts the output of the second differential amplifier 4b. 
When the input indicates the positive increase of the po- 
tential of the node Pb with respect to the node Q, the 
switch control circuit 21 A increases the gate potential of 
the first switching transistor 1 8a, thereby increasing the 
second output current 11 b. On the other hand : when the 
input from the second differential amplifier 4b indicates 
the negative increase of the potential of the node Pb with 
respect to the node Q, the switch control circuit 21 A low- 
ers the gate voltage of the second switching transistor 
18b, thereby reducing the second output current 11b. 
[0126] As described above, the configuration of only 
the elements conducting currents by the control circuit 
20A and the switch control circuit 21 A is exactly the 
same as the fifth embodiment (Fig. 5A). Concretely, the 
configuration is identified as follows : When the first out- 
put transistor la and the second switching transistor 1 8b 
are on and the second output transistor 1 b and the first 
switching transistor 1 8b are off, the first output transistor 
la : the second switching transistor 1 8b and the first dif- 
ferential amplifier 4a are regarded as the output transis- 
tor 1 , the switching transistor 1 8 and the differential am- 
plifier 4 of the fifth embodiment, respectively. Inversely, 
when the first output transistor la and the second switch- 
ing transistor 18b are off and the second output transis- 
tor 1b and the first switching transistor 18b are on, the 
second output transistor 1 b, the first switching transistor 
18a and the second differential amplifier 4b are regard- 
ed as the output transistor 1 , the switching transistor 1 8 
and the differential amplifier 4 of the fifth embodiment, 
respectively. Accordingly, the description of the fifth em- 
bodiment can be cited to the operation and the effects 
of the output control in the respective conducting con- 
figurations. 

[01 27] In the same manner as the diode 1 9 of the fifth 
embodiment, when the first switching transistor 18a or 
the second switching transistor 1 8b turn off, the first fly- 
wheel diode 25a or the second flywheel diode 25b turn 
on. At the same time, the fourth flywheel diode 26b or 
the third flywheel diode 26a also turn on, and thus, the 
power is regenerated in the direct voltage source 10 
through the electrode 9. At the time of the regeneration, 
the second output transistor 1b may be turned on in a 
manner synchronized with turning off the second switch- 
ing transistor 18b. Thereby, the power consumption at 
the time of output control can be reduced since the on- 
state voltage of the output transistor is generally lower 
than that of the flywheel diode. 

[0128] In contrast with the configuration of the eighth 



embodiment, the configuration wherein each transistor 
is inversely connected between the drain and the source 
and the differential amplifiers and the flywheel diodes 
each have the opposite polarities, is substantially equiv- 
5 alent to that including the configuration of the sixth em- 
bodiment in the same manner as the eighth embodiment 
including the configuration of the fifth embodiment as 
described above. 

[0129] Here, the operations of the control circuit 20A 
10 and the switch control circuit 21 A need not be strictly 
simultaneous. For example, during the interval from the 
on-state of the first output transistor la to the on-state of 
the second output transistor 1b, the time when the first 
output transistor 1a and the second output transistor 1b 
15 both are off (dead time) may be set. Thereby, generating 
a surge current or the like owing to the switching of each 
transistor can be eliminated. In addition, in the above- 
described dead time, the period when the first switching 
transistor 1 8a and the second switching transistor 1 8b 
20 both are on may be set. During the period, energy stored 
in the load 3 can be taken out to the outside. However, 
the above-described output control is not provided dur- 
ing the dead time. 

25 «Ninth Embodiment* 

[0130] Fig. 7B shows a circuit diagram according to 
the ninth embodiment of the present invention. In Fig. 
7B, the same reference signs as Fig. 7A represent the 
30 same components as Fig. 7A, and the descriptions of 
the eighth embodiment are cited to the description of the 
same components as Fig. 7A. 

[0131] Tne ninth embodiment is different from the 
eighth embodiment in the following configuration and 

35 operation. 

[0132] The switch control circuit 24 selects either the 
first switching transistor 1 8a or the second switching 
transistor 1 8b in a manner synchronized with the control 
circuit 20A. A voltage is applied to the gate of the se- 

40 lected switching transistor, which voltage is the voltage 
of the power source 28 divided with the resistances 29a 
and 29b orthe resistances 30a and 30b to a level turning 
on the selected switching transistor. 
[0133] The current ratio compensator 27 inputs the 

45 control signal outputted to the first output transistor 1a 
and the second output transistor 1 b from the control cir- 
cuit 20A. The inputted control signal is converted in the 
following manner based on either output of the first dif- 
ferential amplifier 4a orthe second differential amplifier 

so 4b and then outputted to the first output transistor la and 
the second output transistor 1b. When the first output 
transistor 1a is on, the current ratio compensator 27 in- 
puts the output of the first differential amplifier 4a. When 
the input indicates a positive increase of the potential of 

55 the node Pa with respect to the node Q, the current ratio 
compensator 27 converts the control signal to the first 
output transistor 1a so as to increase the gate potential 
of the first output transistor 1a, thereby increasing the 
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first output current 11 a. On the other hand, when the in- 
put from the first differential amplifier 4a indicates a neg- 
ative increase of the potential of the node Pa with re- 
spect to the node Q, the current ratio compensator 27 
converts the control signal to the first output transistor 
la so as to lower the gate potential of the first output 
transistor 1a. thereby reducing the first output current 
Ma 

[01 34] When the second output transistor 1 b is on . the 
current fatio compensator 27 inputs the output of the 
second differential amplifier 4b. When the input indi- 
cates a positive increase of the potential of the node Pb 
wflh rcspoci to the node Q, the current ratio compensa- 
te- 27 covens the control signal to the second output 
transistor ID so as to increase the gate potential of the 
second output transistor 1 b, thereby increasing the sec- 
ond output current Mb On the other hand, when the in- 
put Irom tnc second differential amplifier 4b indicates a 
negative increase of the potential of the node Pb with 
respect to tie node O the current ratio compensator 27 
converts the control signal to the second output transis- 
tor 1b so as to tewcr the gate potential of the second 
output transistor 1b theeby reducing the second output 
current 11b 

[01 35] Though tho n mth embodiment is different from 
tho eighth embodiment in the above-described configu- 
ration and operation, the output control can be provided 
with a high precision in the same manner as the eighth 
embodiment 

[0136] If only the circuit elements conducting currents 
by the control circuit 20A and the switch control circuit 
24 are seen, the ninth embodiment has a bridge of the 
same configuration as tne fifth embodiment (Fig. 5A) in 
the same manner as the eighth embodiment. The cur- 
rent ratio compensator 27 changes the gate potential of 
the first output transistor 1a or the second output tran- 
sistor 1b as described above, thereby controlling the 
transistors so as to adjust the potential difference be- 
tween the node Pa or the node Pb and the node Q to 
be substantially 0. The control is exactly the same as 
the switch control circuit 21 over the switching transistor 
18 in the fifth embodiment (Fig. 5A). When that control 
is a switching control such as a pulse width modulation 
(PWM) control in particular the control is provided so as 
to hold in a time averaging manner the current value cor- 
responding to a substantially zero value of the above- 
described potential difference between the node Pa or 
the node Pb and the node Q. By the above-described 
control of the current ratio compensator, the above-de- 
scribed bridge is balanced. Accordingly, the output con- 
trol can be provide with the bridge balanced in the ninth 
embodiment in exactly the same manner as the fifth em- 
bodiment. Therefore, the precision of the output control 
in the ninth embodiment is improved in contrast with the 
conventional examples. 
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«Tenth Embodiment* 

[0137] Fig. 8A is a circuit diagram according to the 
tenth embodiment of the present invention. In Fig. 8A, 
5 the same reference signs as Fig. 7A represent the same 
components as Fig. 7A, and the descriptions of the 
eighth embodiment are cited to the description of the 
same components as Fig. 7A. 

[0138] The tenth embodiment has, in addition to the 
10 configuration of the eight embodiment, the first auxiliary 
transistor 2a and the second auxiliary transistor 2b in- 
terlocking with the first output transistor la and the sec- 
ond output transistor 1b, respectively. In addition, the 
embodiment has the fourth switch 31 for switching to 
is utilize the common current source 12v, the first auxiliary 
switching transistor 32a and the second auxiliary switch- 
ing transistor 32b. 

[01 39] The first auxiliary transistor 2a and the second 
auxiliary transistor 2b are preferably n-channel MOS- 

20 FETs, and have the drains connected to the electrode 9 
and the sources connected to the drains of the first aux- 
iliary switching transistor 32a and the second auxiliary 
switching transistor 32b, respectively. The first auxiliary 
switching transistor 32a and the second auxiliary switch - 

25 jng transistor 32b are preferably n-channel MO S FETS. 
[0140] The ratio I1a/I2a of the source current 11a of 
the first output transistor la to the source current I2a of 
the first auxiliary transistor 2a and the ratio I1b/I2b of 
the source current 11b of the second output transistor 

30 1 b to the source current I2b of the second auxiliary tran- 
sistor 2b are set at a substantially constant value (here- 
inafter as follows: I1a/I2a = I1b/I2b = n) independent of 
the potentials of the three terminals of drain, source and 
gate when each potential of the three terminals is com- 

35 mon between both transistors. 

[0141] The control circuit 20 A of the eighth embodi- 
ment controls the auxiliary transistor 2, the first output 
transistor la and the second output transistor 1b under 
the condition that the gate potential of the common aux- 

40 iiiary transistor 2 agrees with the gate potential of the 
first output transistor la or the second output transistor 
1b. In contrast with the eighth embodiment, in the tenth 
embodiment, the gates of the first output transistor 1 a 
and the second output transistor 1b are connected to 

45 the gates of the first auxiliary transistor 2a and the sec- 
ond auxiliary transistor 2b, respectively. Accordingly, the 
control circuit 20B is not required a function of making 
the gate potential of the auxiliary transistor agree with 
the respective gate potentials of the output transistors 

so in contrast to the control circuit 20A of the eighth em- 
bodiment. 

[0142] The switch 31 outputs the voltage of the power 
source 33 in a manner synchronized with the operation 
of the control circuit 20B to the first auxiliary switching 
55 transistor 32a when the first output transistor 1a is on, 
and to the second auxiliary switching transistor 32b 
when the second output transistor 1b is on, respectively. 
The output voltage of the power source 33 is divided 
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with the resistances 34a and 34b or the resistances 35a 
and 35b to be the respective voltages sufficient to turn 
on the first auxiliary switching transistor 32a and the sec- 
ond auxiliary switching transistor 32b and then applied 
to the auxiliary switching transistors. Thus, the current 
source 12v controls the adjusting current I2a from the 
first auxiliary transistor 2a when the first output transis- 
tor la is on and the adjusting current !2bfrom the second 
auxiliary transistor 2b when the second output transistor 
1b is on, so as to hold the respective adjusting currents 
at the control target value It. The control target value It 
changes according to a control signal from the control 
circuit 20. 

[01 43] The resistances R1 a and R2b connected to the 
drain and the source of the first output transistor 1 a, re- 
spectively, the resistances R1b and R2b connected to 
the drain and the source of the second output transistor 
1b, respectively, the resistance R3a and R4a connected 
to the drain and the source of the first auxiliary transistor 
2a, respectively, and the resistances R3b and R4b con- 
nected to the drain and the source of the second auxil- 
iary transistor 2b, respectively, correspond to the resist- 
ances R1 , R2 : R3 and R4 in the seventh embodiment 
(Fig. 6). The resistance values of the resistance R3a, 
the resistance R3b, the resistance R4a and the resist- 
ance R4b are preferably set at n times as large as that 
of the resistance R1a, the resistance R1b, the resist- 
ance R2a and the resistance R2b, respectively. 
[0144] In the eighth embodiment, the output transis- 
tors are controlled by, for example, the PWM control so 
that the output currents are maintained at the values cor- 
responding to the case where each potential of the 
sources of the two different output transistors (the po- 
tential of the node Pa or the node Pb) substantially 
agrees with the potential of the source of the common 
auxiliary transistors (the potential of the node Q). On the 
other hand, in the tenth embodiment, the output transis- 
tors are controlled by, for example, the PWM control so 
that the output currents are maintained at the respective 
values corresponding to the cases where the potentials 
of the sources of the two different output transistors (the 
potentials of the node Pa and the node Pb) substantially 
agree with the potentials of the sources of the respective 
auxiliary transistors (the potentials of the node Qa and 
the node Qb). 

[0145] The configuration including only the elements 
conducting currents by the control circuit 20B and the 
switch control circuit 21 A is completely the same as the 
fifth embodiment (Fig. 5A). For example, when the first 
output transistor la, the first auxiliary transistor 2a and 
the second switching transistor 1 8b are on and the sec- 
ond output transistor 1 b, the second auxiliary transistor 
2b and the first switching transistor 1 8b are off, the first 
output transistor la, the first auxiliary transistor 1 a and 
the second switching transistor 1 8b are regarded as the 
output transistor 1 , the auxiliary transistor 2 and the 
switching transistor 1 8 of the fifth embodiment, respec- 
tively. Accordingly, the description of the fifth embodi- 



ment can be cited to the operation and the effects of the 
output control under the condition selected with the 
above-described switches. The tenth embodiment has 
a considerably larger circuit scale than the eighth em- 

5 bodiment because of including more auxiliary transis- 
tors. In the tenth embodiment, however, the output tran- 
sistor and the auxiliary transistor can be easily manu- 
factured on the wafer very close to each other in the 
case of monolith ically manufacturing as an integrated 

10 circuit. After all, as for a so-called matching of the ele- 
ments, the tenth embodiment is superior to the eighth 
embodiment. In effect, in the output control, we can ig- 
nore errors due to non-uniformity of the temperature and 
the structure depending on the positions on the wafer. 

15 

• Eleventh Embodiment* 

[0146] Fig. 8B is a circuit diagram according to the 
eleventh embodiment of the present invention. In Fig. 
20 8B, the same reference signs as Fig. 8A represent the 
same components as Fig. 8A, and the descriptions of 
the tenth embodiment are cited to the description of the 
same components as Fig. 8A. 

[0147] In the eleventh embodiment, current sources 
25 1 2va and 1 2vb are used for the respective auxiliary tran- 
sistors in contrast with the tenth embodiment wherein 
the single current source 12v is used in common. 
Switching those two current sources with the switch 31 b 
is synchronized with the operation of the control circuit 
30 20B. The operations other than that described above 
and the effects are exactly the same as the tenth em- 
bodiment. 

•Twelfth Embodiment* 

35 

[0148] Fig. 8C is a circuit diagram according to the 
twelfth embodiment of the present invention, in Fig. 8C, 
the same reference signs as Fig. 7B or 8A represent the 
same components as Fig . 7B or 8A, and the descriptions 
40 of the ninth embodiment or the tenth embodiment are 
cited to the description of the same components as Fig. 
7B or 8A. 

[0149] In the twelfth embodiment, the gate potentials 
of the output transistors are controlled in the same man- 

45 ner as the ninth embodiment by the current ratio com- 
pensator 27 so that the bridge of the same configuration 
as the tenth embodiment is balanced. The operations 
other than that described above and the effects of the 
output control are exactly the same as the tenth embod- 

so iment. 

•Thirteenth Embodiment* 

[0150] Fig. 8D is a circuit diagram according to the 
55 thirteenth embodiment of the present invention. In Fig. 
8D, the same reference signs as Fig. 7B or 8B represent 
the same components as Fig. 7B or 8B, and the descrip- 
tions of the ninth embodiment or the eleventh embodi- 
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ment are-cited to the description of the same compo- 
nents as Fig. 7B or 8B. 

[0151] In the thirteenth embodiment, the current ratio 
compensator 27 controls the gate potentials of the out- 
put transistors in the same manner as the ninth embod- 5 
iment, thereby making the bridge of the same configu- 
ration as the eleventh embodiment keep the balance. 
The operations other than that described above and the 
effects of the output control are exactly the same as the 
eleventh embodiment. 10 

« Fourteenth Embodiment* 

[0152] Fig.. 9A. is a circuit diagram according to the. 
fourteenth embodiment of the present invention . In Fig. 15 
9A, the same reference signs as Fig. 7A represent the 
same components as Fig. 7 A, and the descriptions of 
the eighth embodiment are cited to the description of the 
same components as Fig. 7A. 

[0153] The fourteenth embodiment has three pairs 20 
each of which comprises the elements corresponding to 
the output transistor 1 , the switching transistor 18 and 
the differential amplifier 4 in the fifth embodiment (Fig. 
5A) and is used, for example, as a driver of three-phase 
motor. The pairs are arranged as follows: 
[01 54] A u-phase load 3u , a v-phase load 3v and a w- 
phase load 3w share one end so as to form a so-called 
Y connection. Those loads correspond to, for example, 
a stator winding of three-phase motor. 
[0155] The first output transistor 1a, the second out- 
put transistor 1 b and the third output transistor 1 c each 
correspond to the output transistor 1 of the fifth embod- 
iment, are preferably n-channel MOSFETs, and have 
the drains connected to the electrode 9 and the sources 
each connected to the u-phase load 3u, the v-phase 
load 3v and the w-phase load 3w, respectively. In addi- 
tion, the anodes of the first flywheel diode 25a, the sec- 
ond flywheel diode 25b and the third flywheel diode 25c 
are connected to the sources of the first output transistor 
1 a, the second output transistor 1 b and the third output 
transistor 1c, respectively, and the cathode of the fly- 
wheel diodes are connected to the drains of the respec- 
tive output transistors. The flywheel diodes are prefera- 
bly body diodes of the respective output transistors con- 
nected in parallel. Alternatively, the flywheel diodes 
each may be an independent diode element. 
[01 56] The ratio 1 1 a/12 of the source current 1 1 a of the 
first output transistor la to the source current 12 of the 
auxiliary transistor 2, the ratio I1b/I2 of the source cur- 
rent 11 b of the second output transistor 1 b to the source 
current 12 of the auxiliary transistor 2 and the ratio 11c/ 
12 of the source current 11c of the third output transistor 
1c to the source current 12 of the auxiliary transistor 2 
are designed so as to be substantially constant (herein- 
after as follows: I1a/I2 = Mb/I2 = |1c/l2 = n) independ- 
ently of the potentials of the three terminals of drain, 
source and gate when each potential of the three termi- 
nals is common between both transistors. 



[0157] The first switching transistor 18a, the second 
switching transistor 1 8b and the third switching transis- 
tor 18c each correspond to the switching transistor 18 
of the fifth embodiment, and are preferably n-channel 
MOSFETs. The drains of first switching transistor 18a, 
the second switching transistor 1 8b and the third switch- 
ing transistor 18c are connected to the sources of the 
first output transistor 1 a, the second output transistor 1 b 
and the third output transistor 1c, respectively, and the 
sources of the output transistors are grounded. In addi- 
tion, the anodes of the fourth flywheel diode 26a, the 
fifth flywheel diode 26b and the sixth flywheel diode 26c 
are connected to the sources of the first switching tran- 
sistor 18a, the second switching transistor 18b and the 
third switching transistor 1 Be, respectively, and the cath- 
ode of the flywheel diodes are connected to the drains 
of the switching transistors. The flywheel diodes are 
preferably body diodes of the respective switching tran- 
sistors connected in parallel. Alternatively, the flywheel 
diodes each may be an independent diode element. 
[01 58] The resistances R1 a and R2a connected to the 
drain and the source of the first output transistor la, re- 
spectively, the resistances R1b and R2b connected to 
the drain and the source of the second output transistor 
1b, respectively, the resistances R1c and R2c connect- 
ed to the drain and the source of the third output tran- 
sistor 1c, respectively, and the resistances R3 and R4 
connected to the drain and the source of the auxiliary 
transistor 2, respectively, correspond to the resistances 
R1 , R2, R3 and R4 in the seventh embodiment (Fig. 6). 
The resistance values of the resistance R3 and the re- 
sistance R4 are preferably set at n times as large as that 
of the resistances R1 a, R1 b and R1 c and the resistanc- 
es R2a, R2b and R2c, respectively. 
[01 59] The first differential amplifier 4a detects the po- 
tential of the node Pa, namely the junction point between 
the first output transistor la and the u-phase load 3u with 
respect to the node Q, the second differential amplifier 
4b detects the potential of the node Pb, namely the junc- 
tion point between the second output transistor 1b and 
the v-phase load 3v with respect to the node Q, and the 
third differential amplifier 4c detects the potential of the 
node Pc, namely the junction point between the third 
output transistor 1c and the w-phase load 3w with re- 
spect to the node Q, and the differential amplifiers output 
voltages proportional to the respective potential differ- 
ences including the signs. Here, the outputted voltages 
may be binary merely based on positive or negative of 
the above-described potential differences. 
[0160] The control circuit 36 outputs a control signal 
to each gate of the output transistors so as to turn on 
only one of the three output transistors and off the others 
based on the phase information of u-phase, v-phase 
and w-phase inputted from the outside 14. 
[0161] The control circuit 36 controls the current 
source 12v based on the input from the outside 14 and 
sets the control target value of the adjusting current 12. 
[01 62] In addition, the control circuit 36 outputs to the 



30 



35 



40 



45 



50 



21 



<EP 1115203A1 I > 



• 



41 EP11* 

switch control circuit 37A respective control signals in- 
dicating the directions for the three switching transistors 
to turn on or off. Here., for example, in the case of oper- 
ating as a driver of three-phase motor, the on-off control 
over the three switching transistors is provided so that 
two of the three switching transistors are on at the cur- 
rent-carrying angle of 1 20° or more and only one of them 
is on at the current-carrying angle of 120° or less. In 
addit on to- example, in the case of u-phase drive with 
the first output transistor la on, the distribution of the cur- 
rents flowing s jbstantially through the second switching 
transistor 18b and the third switching transistor 18c is 
set depend ng on the current-carrying angle and the ro- 
ta: tor drccton and the phase of. rotor. 
[0163] The switch control circuit 37A converts the 
control signats from the control circuit 36 and outputs 
the converted coriro signals to the respective switching 
transistors so as :o turn off the on-state switching tran- 
sistor wrier (he source potential of the on-state output 
transistor is> lo*er Uian the source potential of the aux- 
iliary transistor 2 -icrc the above-described conversion 
of the control signal can be the same as the fifth embod- 
iment as follows ^or example, during the u-phase drive 
with only the first output transistor la on, the output cur- 
rent flows through orthcr or both of the paths , the load 
3u~tho load 3v -the second switching transistor 1 8b and 
the load 3u-thc load 3w~the third switching transistor 
18c Then, the first output transistor la is regarded as 
the output transistor 1 of the fifth embodiment (Fig. 5A), 
the composite of the load 3u. the load 3v and the load 
3w is regarded as the toad 3 of the fifth embodiment and 
the composite of the second switching transistor 1 8b 
and the third switching transistor 1 8c is regarded as the 
switching transistor 18 of the fifth embodiment. Accord- 
ingly, the bridge consisting of the four branches of the 
first output transistor la the auxiliary transistor 2, the 
current source 1 2v and the composite of the three loads 
and the two switching transistors has exactly the same 
configuration as the bridge of the fifth embodiment. 
Then, in the same manner as the fifth embodiment, the 
on-off control over the two switching transistors changes 
the substantially equivalent impedance of the composite 
of the switching transistors. Thereby, in the same man- 
ner as the fifth embodiment, the output current can be 
maintained at the value corresponding to a substantial 
zero value of the potential difference between the node 
Pa and the node Q in a time-averaging manner so that 
the above-described bridge can be balanced. In addi- 
tion, the output control with the bridge circuit balanced 
is the same as the fifth embodiment and therefore, the 
description of the fifth embodiment can be cited to the 
operation and the effects of the fourteenth embodiment. 
[0164] Here : in the same manner as the eighth em- 
bodiment, for example, when both of the second switch- 
ing transistor 1 8b and the third switching transistor 1 8c 
are off in the u-phase drive, the fourth flywheel diode 
26a, the second flywheel diode 25b and the third fly- 
wheel diode 25c turn on. Then, power is regenerated in 
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the direct voltage source 10 through the electrode 9. 
During the regeneration , the second output transistor 1 b 
or the third output transistor 1c may be turned on in a 
manner synchronized with turning off the second switch- 
5 ing transistor 1 8b or the third switching transistor 1 8c. 
Thereby, the power consumption during the output con- 
trol can be reduced since the on-state voltage of the out- 
put transistor is generally lower than that of the flywheel 
diode. 

w [01 65] The output current flows through either or both 
of the paths, the load 3v-the load 3u-the first switching 
transistor 18a and the load 3v-the load 3w-the third 
switching transistor 18c during the v-phase drive with 
only the second output transistor 1 b on. Then, the sec- 

15 ond output transistor 1 b is regarded as the output tran- 
sistor 1 of the fifth embodiment (Fig. 5A), the composite 
of the load 3u, the load 3v and load 3w is regarded as 
the load 3 of the fifth embodiment and the composite of 
the first switching transistor 18a and the third switching 

20 transistor 1 8c is regarded as the switching transistor 1 8 
of the fifth embodiment. Accordingly, the bridge consist- 
ing of the four branches of the second output transistor 
1b, the auxiliary transistor 2, the current source 12v and 
the composite of the three loads and the two switching 

25 transistors has exactly the same configuration as that of 
the bridge in the fifth embodiment. The bridge is bal- 
anced by controlling the first switching transistor 1 8a or 
the third switching transistor 1 8c so as to adjust the po- 
tential difference between the node Pb and the node Q 

30 to zero based on the output of the second differentia! 
amplifier 4b. 

[01 66] The output current flows through either or both 
of the paths, the load 3w--the load 3u-the first switching 
transistor 1 8a and the load 3w«the load 3v-the second 

35 switching transistor 18b during the w-phase drive with 
only the third output transistor 1 c on. Then, the third out- 
put transistor 1c is regarded as the output transistor 1 
of the fifth embodiment (Fig. 5A), the composite of the 
load 3u, the load 3v and the load 3w is regarded as the 

40 load 3 of the fifth embodiment and the composite of the 
first switching transistor 18a and the second switching 
transistor 1 8b is regarded as the switching transistor 1 8 
of the fifth embodiment. Accordingly, the bridge consist- 
ing of the four branches of the third output transistor 1 c, 

45 the auxiliary transistor 2, the current source 12vandthe 
composite of the three loads and the two switching tran- 
sistors has exactly the same configuration as the bridge 
of the fifth embodiment. 

[0167] The bridge is balanced by controlling the first 
50 switching transistor 18a or the second switching transis- 
tor 18b so as to adjust the potential difference between 
the node Pc and the node Q to zero based on the output 
of the third differential amplifier 4c. 
[0168] As described above, the same output control 
55 as the fifth embodiment is possible during the u-phase, 
v-phase and w-phase drive. 
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« Fifteenth Embodiment* 

[0169] Fig. 9B is a circuit diagram according to the fif- 
teenth embodiment of the present invention. In Fig. 9B, 
the same reference signs as Fig. 9A represent the same 
components as Fig. 9 A, and the descriptions of the four- 
teenth embodiment are cited to the description of the 
same components as Fig. 9A. 

[0170] The fifteenth embodiment is different from the 
fourteenth embodiment only in the point that the switch 
control circuit 37A of the fourteenth embodiment is re- 
placed with the switch control circuit 37B for converting 
the outputs to the respective output transistors from the 
control circuit 36. . 

[0171] The current ratio compensator 37B converts 
control signals from the control circuit 36 and outputs 
the converted control signals to the respective output 
transistors so as to turn off the on-state switching tran- 
sistors based on the inputs from the three differential 
amplifiers 4a, 4b and 4c when the source potentials of 
the on-state output transistors are lower than the source 
potential of the auxiliary transistor 2. Here, the control 
signals are conversed as follows: For example, during 
the u-phase drive with only the first output transistor 1 a 
on, the output current flows through either or both of the 
paths, the load 3u~the load 3v--the second switching 
transistor 18b and the load 3u-the load 3w--the third 
switching transistor 1 8c. At that time, the four branches 
of the first output transistor 1 a, the auxiliary transistor 2, 
the current source 1 2v, the composite of the three loads 
and the two switching transistors form a bridge. Then, 
the on-off control over the first output transistor la by the 
current ratio compensator 37B changes the equivalent 
impedance of the composite of the output transistors. 
Thereby, the output current is maintained in a time-av- 
eraging manner at the value corresponding to a sub- 
stantial zero value of the potential difference between 
the node Pa and the node Q so that the above-described 
bridge can be balanced. When the bridge is balanced 
in such a manner, the ratio 11 a/12 of the first output cur- 
rent lla outputted from the first output transistor la to the 
adjusting current 12 outputted from the auxiliary circuit 
2 is constant substantially independent of temperature 
change and the potentials of the three terminals of the 
first output transistor la and the like. Accordingly, when 
the control circuit 36 controls the adjusting current 12 
with a high precision with the auxiliary transistor 2, the 
first output current 1 1 a can also be controlled with a high 
precision. 

[01 72] In the same way as the eighth embodiment, for 
example, when both of the second switching transistor 
1 8b and the third switching transistor 1 Be are off during 
the u-phase drive, the fourth flywheel diode 26a, the 
second flywheel diode 25b and the third flywheel diode 
25 turn on . Then , power is regenerated in the direct volt- 
age source 10 through the electrode 9. During the re- 
generation, the second output transistor 1b or the third 
output transistor 1 c may be turned on in a manner syn- 
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chronized with turning off the second switching transis- 
tor 1 8b or the third switching transistor 1 8c. Thereby, the 
power consumption in the output control can be reduced 
since the on-state voltage of the output transistor is gen- 

5 . erally lower than that of the flywheel diode. 

[01 73] During the v-phase drive with only the second 
output transistor 1 b on, the output current flows through 
either or both of the paths, the load 3v~the load 3u--the 
first switching transistor 18a and the load 3v--the load 

10 3w-the third switching transistor 1 8c. Then, the bridge 
consisting of the four branches of the second output 
transistor 1b : the auxiliary transistor 2, the current 
source 1 2v and the composite of the three loads and the 
two switching transistors is balanced by controlling the 

15 second output transistor 1 b so as to adjust the potential 
difference between the node Pb and the node Q to zero 
based on the output of the second differential amplifier 
4b. 

[0174] During the w-phase drive with only the third 

20 output transistor 1 c on, the output current flows through 
either or both of the paths, the load 3w--the load 3u-the 
first switching transistor 18a or the load 3w-the load 
3v-the second switching transistor 18b. Then, the 
bridge consisting of the four branches of the third output 

25 transistor 1c, the auxiliary transistor 2, the current 
source 1 2v and the composite of the three loads and the 
two switching transistors is balanced by controlling the 
third output transistor 1c so as to adjust the potential 
difference between node Pb and node Q to zero based 

so on the output of the third differential amplifier 4c. 

[0175] As described above, during the drive in the u- 
phase, v-phase and w-phase, the above-described 
bridge can be balanced independent of temperature 
change and the potentials of the three terminals of the 

35 output transistors. Therefore, the output control with a 
higher precision than a conventional example is possi- 
ble since the ratio of the output current to the adjusting 
current is controlled to be constant. 

40 «Sixteenth Embodiment* 

[0176] Fig. 1 0A is a circuit diagram according to the 
sixteenth embodiment of the present invention. In Fig. 
10A : the same reference signs as Fig. 9A represent the 

45 same components as Fig. 9A, and the descriptions of 
the fourteenth embodiment are cited to the description 
of the same components as Fig. 9A. 
[0177] The sixteenth embodiment, in addition to the 
configuration of the fourteenth embodiment, has the first 

50 auxiliary transistor 2a, the second auxiliary transistor 2b 
and the third auxiliary transistor 2c which interlock with 
the first output transistor la, the second output transistor 
1b and the third output transistor 1c, respectively. In ad- 
dition, the embodiment has the first auxiliary switching 

55 transistor 32a, the second auxiliary switching transistor 
32b and the third auxiliary switching transistor 32c for 
switching so as to utilize the common current source 
12v. 
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[0178] The first auxiliary transistor 2a, the second 
auxiliary transistor 2b and the third auxiliary transistor 
2c are preferably n-channel MOSFETs, and have the 
drains connected to the electrode 9 and the sources 
connected to the drains of the first auxiliary switching 
transistor 32a, the second auxiliary switching transistor 
32b and the third auxiliary switching transistor 32c, re- 
spectively. The first auxiliary switching transistor 32a, 
the second auxiliary switching transistor 32b and the 
third auxiliary switching transistor 32c are preferably n- 
channel MOSFETs. The sources of the auxiliary switch- 
ing transistors each are connected to the current source 
12v. 

[0179] The ratio I1a/I2a of the source current 11a of 
the first output transistor la to the source current I2a of 
the first auxiliary transistor 2a, the ratio I1b/I2b of the 
source current II a of the second output transistor 1 b to 
the source current I2b of the second auxiliary transistor 
2b and the ratio I1c/I2c of the source current 11c of the 
third output transistor 1 c to the source current I2c of the 
third auxiliary transistor 2c are set so as to be substan- 
tially constant (hereinafter as follows: I1a/I2a = I1b/I2b 
= I1c/I2c= n) when each potential of the three terminals 
of drain , source and gate is common between the output 
transistors and the auxiliary transistors. 
[0180] The auxiliary switching transistors each turn on 
and off in accordance with a control signal from the con- 
trol circuit 38 so as to conduct the respective adjusting 
currents to flow through the current source 1 2v. The cur- 
rent source 12v controls the adjusting current I2a 
through the first auxiliary transistor 2a when the first out- 
put transistor la is on, the adjusting current I2b through 
the second auxiliary transistor 2b when the second out- 
put transistor 1b is on and the adjusting current I2c 
through the third auxiliary transistor 2c when the third 
output transistor 1 c is on, respectively, so as to hold the 
adjusting currents at the control target value It. The con- 
trol target value It changes in accordance with a control 
signal from the control circuit 38. 
[0181] The resistances FMaand R2a connected to the 
drain and the source of the first output transistor 1 a, re- 
spectively, the resistances R1b and R2b connected to 
the drain and the source to the second output transistor 
1b, respectively, the resistances R1c and R2c connect- 
ed to the drain and the source of the third output tran- 
sistor 1c, respectively, the resistances R3c and R4c 
connected to the drain and the source of the first auxil- 
iary transistor 2a, respectively, the resistances R3b are 
R4b connected to the drain and the source of the second 
auxiliary transistor 2b, respectively, and the resistances 
R3c and R4c connected to the drain and the source of 
the third auxiliary transistor 2c, respectively, correspond 
to the resistances R1, R2, R3 and R4 in the seventh 
embodiment (Fig. 6). In addition, preferably, the resist- 
ance values of the resistance R3a, the resistance R3b, 
the resistance R3c, the resistance R4a, the resistance 
R4b and the resistance R4c are set at n times as large 
as that of the resistance R1a, the resistance R1b, the 



resistance R1c, the resistance R2a, the resistance R2b 
and the resistance R2c, respectively. 
[01 82] The control circuit 38, in addition to the function 
of the control circuit 36 of the fourteenth embodiment, 

5 outputs control signals for directing to turn on and off the 
three auxiliary switching transistors. The control signals 
indicate the directions for the first auxiliary switching 
transistor 32a to turn on and for the other two auxiliary 
switching transistors to turn off during the u-phase drive, 

10 the directions for the second auxiliary switching transis- 
tor 32b to turn on and for the other two auxiliary switch- 
ing transistors to turn off during the v-phase drive, and 
the directions for the third auxiliary switching transistor 
32c to turn on and for the other two auxiliary switching 

15 transistors to turn off during the w-phase drive, respec- 
tively. 

[0183] In the fourteenth embodiment, the source po- 
tentials of the three different output transistors (the po- 
tentials of the nodes Pa, Pb and Pc) each are controlled 

20 to agree with the source potential of the common auxil- 
iary transistor (the potential of the node Q). On the other 
hand, in the sixteenth embodiment, the source poten- 
tials of the three different output transistors (the poten- 
tials of the nodes Pa, Pb and Pc) are controlled to agree 

25 with the source potentials of the respective auxiliary 
transistors (the potentials of the nodes Qa, Qb and Qc, 
respectively). 

[0184] The configuration including only the conduct- 
ing elements in the same manner as the fourteenth em- 

30 bodiment is exactly the same as the fifth embodiment 
(Fig. 5A). Accordingly, the description of the fifth embod- 
iment can be cited to the operation and the effects of the 
output control under the condition selected by the 
above-described switches. 

35 [0185] The sixteenth embodiment is a considerably 
larger-scale circuit than that of the fourteenth embodi- 
ment because of including more auxiliary transistors. In 
the sixteenth embodiment, however, the output transis- 
tors and the auxiliary transistors are easy to manufac- 

40 ture very close to each other on the wafer in the case of 
monolithicaily manufacturing as an integrated circuit. Af- 
ter all, the sixteenth embodiment is superior to the four- 
teenth embodiment in a so-called matching of the ele- 
ments. In effect, in the output control, we can ignore er- 

45 rors due to the non-uniformity of the temperature and 
the structure on the wafer. 

«Seventeenth Embodiment 

so [0186] Fig. 1 0B is a circuit diagram according to the 
seventeenth embodiment of the present invention. In 
Fig. 10B, the same reference signs as Fig. 10A repre- 
sent the same components as Fig. 1 0A, and the descrip- 
tions of the sixteenth embodiment are cited to the de- 

55 scription of the same components as Fig. 10A. 

[0187] In the seventeenth embodiment, different cur- 
rent sources 12va, 12vb and 12vc are used for the re- 
spective auxiliary transistors, in contrast with the six- 
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teenth embodiment wherein the single current source 
12v is used in common. Here, the control circuit 39 out- 
puts control signals for setting the control target values 
of the respective current sources. The control circuit 39 
has the same configuration as that of the control circuit 
38 of the sixteenth embodiment except for a point of be- 
ing free from the control over the three auxiliary switch- 
ing transistors and a point of outputting the control sig- 
nals to the three current sources. 
[0188] The operation and the effects of the seven- 
teenth embodiment are exactly the same as the six- 
teenth embodiment except for the above-described 
points. 

« Eighteenth Embodiment* 

[0189] Fig. 10C is a circuit diagram according to the 
eighteenth embodiment of the present invention. In Fig. 
10C, the same reference signs as Fig. 10A represent 
the same components as Fig. 1 0A, and the descriptions 
of the sixteenth embodiment are cited to the description 
of the same components as Fig. 1 0A. 
[0190] The eighteenth embodiment changes the 
equivalent impedance between the drains and the 
sources of the output transistors, thereby making a 
bridge of the same configuration as the sixteenth em- 
bodiment keep the balance. The operation other than 
that described above and the effects of the output con- 
trol are exactly the same as the sixteenth embodiment. 

"Nineteenth Embodiment* 

[0191] Fig. 10D is a circuit diagram according to the 
nineteenth embodiment of the present invention. In Fig. 
10D, the same reference signs as Fig. 10B represent 
the same components as Fig. 1 0B, and the descriptions 
of the seventeenth embodiment are cited to the descrip- 
tion of the same components as Fig. 10B. 
[0192] The nineteenth embodiment changes the 
equivalent impedance between the drains and the 
sources of the output transistors, thereby making a 
bridge of the same configuration as the seventeenth em- 
bodiment keep the balance. The operation other than 
that described above and the effects of the output con- 
trol are exactly the same as the seventeenth embodi- 
ment 

[01 93] As can be seen from the above embodiments, 
two pairs of the configuration of the fifth embodiment 
make up the eighth embodiment and three pairs thereof 
make up the fourteenth embodiment. Increasing the 
number of the configurations of the fifth embodiment in 
that manner would be easy for those skilled in the art. 
In particular, it is also possible to expand the mode of 
the present invention so as to be available as a driver 
of four- or more multi-phase motor in the same way as 
the fourteenth to the nineteenth embodiments can be 
available as a driver of three-phase motor. 
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«Twentieth Embodiment* 

[0194] Fig. 11 is a circuit diagram according to the 
twentieth embodiment of the present invention. 

5 [01 95] The twentieth embodiment forms a micro step- 
per driver by controlling two circuits each having the 
same arrangement as the eighth embodiment with a mi- 
cro step control circuit 40. In Fig. 11 , the circuit blocks 
X and Y each surrounded by broken lines correspond 

io to the circuit of the eighth embodiment. In the circuit 
blocks X and Y, the same components as Fig. 7A are 
represented by the same reference signs as Fig. 7A at- 
tached "x" or "y" showing the circuit block to which the 
components belong, and the descriptions of the eighth 

*5 embodiment are cited to that of the components. 

[0196] Loads 3x and 3y are, for example, stator wind- 
ings for driving a rotor 41 of motor. The micro step con- 
trol circuit 40 sets the control target values of the current 
sources 12vx and 12vy so as to change them with mu- 

20 tually out-of-phase sinusoidal micro steps. In addition, 
the micro step control circuit 40 corresponding to the 
outside 1 4 in the eighth embodiment controls the control 
circuits and the switches (Fig. 7 A) in the circuit blocks. 
Thereby, currents flowing through the loads 3x and 3y 

25 are controlled so as to vary with time in accordance with 
the respective control target values of the current sourc- 
es 12vx and 12vy. Since the circuit blocks can provide 
the control of the respective loads 3x and 3y in exactly 
the same manner as the eighth embodiment, the de- 

30 scriptions of the eighth embodiment are cited to the de- 
scription of the control. 

[0197] The twentieth embodiment is a two-phase 
stepper driver. In addition, it could be easily understood 
by those skilled in the art that the twentieth embodiment 
35 is expansible as a three- or more multi-phase stepper 
driver by adding another circuit block to the configura- 
tion of the embodiment. 

«Twenty-first Embodiment* 

40 

[0198] Fig. 12A is a circuit diagram according to the 
twenty-first embodiment of the present invention. 
[0199] The twenty-first embodiment forms a micro 
stepper driver by controlling two circuits each similar to 

45 the eleventh embodiment with a micro step control cir- 
cuit 42. In Fig. 1 2A, the circuit blocks X and Y each sur- 
rounded by broken lines correspond to the circuit of the 
eleventh embodiment. In the circuit blocks X and Y, the 
same components as Fig. 8A are represented by the 

50 same reference signs as Fig. 8 A attached "x" or "y" 
showing the circuit block to which the components be- 
long, and the descriptions of the eleventh embodiment 
are cited to the components. In addition, the same com- 
ponents as Fig. 11 are represented by the same refer- 

55 ence signs as Fig. 11 , and the descriptions of the twen- 
tieth embodiment are cited to the components. 
[0200] The micro step control circuit 42 sets the con- 
trol target values of the current sources 12vax, 12vbx, 
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12vayand 12vby so as to change them with mutually 
out-of-phase sinusoids micro steps. In addition, the mi- 
cro step control circuit 42 corresponding the outside 14 
in the eleventh embodiment controls the control circuits 
and the switches (Fig. 8B) in the circuit blocks. Thereby, 
currents flowing through the loads 3x and 3y are con- 
trolled so as to vary with time in accordance with the 
respective control target values of the current sources. 
Since the circuit blocks can provide the control of the 
respective loads 3x and 3y in exactly the same manner 
as the eleventh embodiment, the descriptions of the 
eleventh embodiment are cited to the description of the 
control. 

[0201] The twenty-first embodiment is a two-phase 
stepper driver. In addition, it could easily be understood 
by those skilled in the art that the twenty-first embodi- 
ment is expansible as a three- or more multi-phase step- 
per driver by adding another circuit block to the config- 
uration of the embodiment. 

«Twenty-second Embodiment 

[0202] Fig. 1 2B is a circuit diagram according to the 
twenty-second embodiment of the present invention. 
[0203] The twenty-second embodiment differs from 
the twenty-first embodiment only in the point that the cir- 
cuit blocks of the twenty-first embodiment use respec- 
tive common current sources 12vx and 12vy with a 
switching in accordance with a control signal from the 
micro step control circuit 42 instead of using respective 
two current sources. Other parts of the configuration and 
the operation are exactly the same as the twenty-first 
embodiment. 

[0204] In the above-described embodiments, transis- 
tors included in the circuits are n-channel or p-channel 
MOSFETs. However, the present invention is not limited 
to that, and each of the transistors may be replaced by 
the opposite channel MOSFET with the power sources 
and the like of the opposite polarities, thereby producing 
the same effects as the above-described embodiments. 
In addition, bipolar transistors or insulating gate bipolar 
transistors (IGBT) other than MOSFETs may be used, 
thereby producing the same effects as the above-de- 
scribed embodiments. 

[0205] The present invention is not limited to the im- 
plementation as a power control device for driving a mo- 
tor or the like as the above-described embodiments. In 
another way, the present invention may be applied to a 
linear or switching type power IC, a solenoid driver or a 
communication network driver. 

[0206] All of the above-described embodiments can 
function with a higher precision than the conventional 
power control devices by reducing errors due to temper- 
ature change, unevenness of parameters of operational 
conditions and products. As a result, the outputted en- 
ergy is less lost through the output control than the con- 
ventional examples. In other words, the energy efficien- 
cy of the output control device is superior to the conven- 



tional examples. 

[0207] Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 

5 to be interpreted" as limiting. Various alterations and 
modifications will no doubt become apparent to those 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 

10 covering all alterations and modifications as fall within 
the true spirit and scope of the invention. 

Industrial Applicability 

15 [0208] A power control device according to the 
present invention can widen the output voltage range of 
the main current circuit larger than the conventional ex- 
amples and hold the energy efficiency at a high level, 
thereby implementing a current driving system with a 

20 high precision and high reliability. Therefore, the indus- 
trial applicability of the present invention is extremely 
high. 



1. A power control device comprising: 

a bridge circuit consisting of a first branch, a 
30 second branch, a third branch and a fourth 

branch, wherein 

each of said first to fourth branches includes a 

first terminal and a second terminal, 

the first terminal of said first branch and the first 

35 terminal of said third branch are connected to 

a first power-source-connecting terminal at a 
substantially constant potential, the second ter- 
minal of said second branch and the second 
terminal of said fourth branch are connected to 

40 a second power-source-connecting terminal at 

a substantially constant potential, 
the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 

45 minal of said third branch and the first terminal 

of said fourth branch are mutually connected at 
a second node, 

said second branch includes a load, 

said first branch includes an output circuit for 

so driving said load, and 

said third branch includes an auxiliary circuit for 
outputting an adjusting current adjusted to an 
amount smaller substantially by a predeter- 
mined ratio than an output current outputted 

55 from said output circuit in the case of applying 

substantially the same input voltage as that of 
said output circuit; 

a potential difference detector for detecting a 
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potential difference between said first node and 
said second node; 

a control circuit for making said output circuit 
interlock with said auxiliary circuit and control- 
ling said output circuit; 
and 

a current ratio compensator for feeding back 
said detected potential difference detected by 
said potential difference detector and control- 
ling the equivalent impedance across said first 
terminal and said second terminal of one of said 
first to fourth branches so that said bridge cir- 
cuit keep the balance, thereby holding said ra- 
tio at a substantially constant level. 

2. A power control device according to Claim 1 , where- 
in 

said fourth branch includes a current detector 
for detecting said adjusting current and 
said control circuit controls said auxiliary circuit 
based on the detected result of said current de- 
tector. 

3. A power control device according to Claim 1 .where- 
in said fourth branch includes a current setting cir- 
cuit for holding at a substantially constant level or 
changing quasistatically said adjusting current. 

4. A power control device according to Claim 1 .where- 
in said second branch includes a switch circuit con- 
nected in series between said load and the second 
power-source-connecting terminal and for conduct- 
ing or cutting off said output current based on said 
potential difference. 

5. A power control device according to Claim 4, where- 
in said current ratio compensator provides the con- 
trol of said equivalent impedance over said switch 
circuit. 

6. A power control device according to Claim 1 or 5, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over said 
output circuit. 

7. A power control device comprising: 

a bridge circuit consisting of a first branch, a 
second branch, a third branch and a fourth 
branch, wherein 

each of said first to fourth branches includes a 
first terminal and a second terminal, 
the first terminal of said first branch and the first 
terminal of said third branch are connected to 
a first power-source-connecting terminal at a 
substantially constant potential, the second ter- 
minal of said second branch and the second 



terminal of said fourth branch are connected to 
a second power-source-connecting terminal at 
a substantially constant potential, 
the second terminal of said first branch and the 

5 first terminal of said second branch are mutu- 

ally connected at a first node, the second ter- 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, 

10 said second branch includes a load, 

said first branch includes an output circuit for 
driving said load, and 

said third branch includes an auxiliary circuit for 
. . outputting an adjusting current adjusted to an 

is amount smaller substantially by a predeter- 

mined ratio than an output current outputted 
from said output circuit in the case of applying 
substantially the same input voltage as that of 
said output circuit; 

a potential difference detector for detecting a 
potential difference between said first node and 
said second node; 
and 

a control circuit for making said output circuit 
interlock with said auxiliary circuit and control- 
ling and cutting off said output circuit and said 
auxiliary circuit based on said potential differ- 
ence detected by said potential difference de- 
tector. 

8. A power control device comprising: 

an output network consisting of a first branch, 
a second branch, a third branch, a fourth 
branch, a fifth branch, a sixth branch and a sev- 
enth branch, wherein 

each of said first to seventh branches includes 
a first terminal and a second terminal, 
the first terminals of said first, said third and 
said fifth branches are connected to a first pow- 
er-source-connecting terminal at a substantial- 
ly constant potential, 

the second terminals of said second, said fourth 
and said sixth branches are connected to a sec- 
ond power-source-connecting terminal at a 
substantially constant potential, 
the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 
branch are mutually connected at a third node, 
55 the first terminal and the second terminal of 

said seventh branch are connected to said first 
node and said second node, respectively, 
said seventh branch includes a load, 
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10. 



said first branch includes a first output circuit 
for driving said load, 

said third branch includes a second output cir- 
cuit for driving said load, 
each of said second and said fourth branches 
includes a switch circuit, and 
said fifth branch includes an auxiliary circuit for 
interlocking with either of said first or said sec- 
ond output circuits and outputting an adjusting 
current adjusted to an amount smaller substan- 
tially by a predetermined ratio than an output 
current outputted from the interlocking output 
circuit in the case of applying substantially the 
same input voltage as that of the interlocking 
output circuit; 

a potential difference detector for detecting the 
potential of said first node or said second node 
with respect to said third node; 
a control circuit for making said first and said 
second output circuits interlock with said auxil- 
iary circuit in a substantially alternate order and 
controlling said first or said second output cir- 
cuit; 

a switch control circuit for turning on or off said 
switch circuits in a substantially alternate order 
in a manner synchronized with the operation of 
said control circuit; 
and 

a current ratio compensator for feeding back 
said potential difference detected by said po- 
tential difference detector and controlling the 
equivalent impedance across said first terminal 
and said second terminal of one of said first to 
said sixth branches, so that 
a bridge consisting of said first branch, a com- 
posite of said seventh branch and said fourth 
branch, said fifth branch, and said sixth branch, 
keeps the balance when an output current from 
said first output circuit flows through said first 
branch, said seventh branch and said fourth 
branch, and 

a bridge consisting of said third branch, a com- 
posite of said seventh branch and said second 
branch, said fifth branch, and said sixth branch, 
keeps the balance when an output current from 
said second output circuit flows through said 
third branch, said seventh branch and said sec- 
ond branch, thereby holding said ratio at a sub- 
stantially constant level. 

A power control device according to Claim 8, where- 
in said sixth branch includes a current setting circuit 
for holding at a substantially constant levelor chang- 
ing quasistatically said adjusting current. 

A power control device according to Claim 8, where- 
in said current ratio compensator provides the con- 
trol of said equivalent impedance over said switch 



circuit. 

11 . A power control device according to Claim 8, where- 
in said current ratio compensator provides the con- 

5 trol of said equivalent impedance over said first or 
said second output circuit. 

12. A power control device comprising: 

10 an output network consisting of a first branch, 

a second branch, a third branch, a fourth 
branch, a fifth branch, a sixth branch, a seventh 
branch, an eighth branch and a ninth branch, 
wherein 

15 each of said first to ninth branches includes a 

first terminal and a second terminal, 
the first terminals of said first, said third, said 
fifth and said seventh branches are connected 
to a first power-source-connecting terminal at 

20 a substantially constant potential, 

the second terminals of said second, said 
fourth, said sixth and said eighth branches are 
connected to a second power-source-connect- 
ing terminal at a substantially constant poten- 

25 tial, 

the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 
minal of said third branch and the first terminal 

30 of said fourth branch are mutually connected at 

a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 
branch are mutually connected at a third node, 
the second terminal of said seventh branch and 

35 the first terminal of said eighth branch are mu- 

tually connected at a fourth node, 
the first terminal and the second terminal of 
said ninth branch are connected to said first 
node and said second node, respectively, 

40 said ninth branch includes a load, 

said first branch includes a first output circuit 
for driving said load, 

said third branch includes a second output cir- 
cuit for driving said load, 
45 each of said second and said fourth branches 

includes a switch circuit, 

said fifth branch includes a first auxiliary circuit 
for interlocking with said first output circuit and 
outputting a first adjusting current adjusted to 
so an amount smaller substantially by a predeter- 

mined first ratio than a first output current out- 
putted from said first output circuit in the case 
of applying substantially the same input voltage 
as that of said first output circuit, and 
55 said seventh branch includes a second auxilia- 

ry circuit for interlocking with said second out- 
put circuit and outputting a second adjusting 
current adjusted to an amount smaller substan- 
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tially by a predetermined second ratio than a 
second output current outputted from said sec- 
ond output circuit in the case of applying sub- 
stantially the same input voltage as that of said 
second output circuit; 5 
a potential difference detector for detecting the 
potential of said first node with respect to said 
third node as a first potential difference and the 
potential of said second node with respect to 
said fourth node as a second potential differ- 10 
ence; 

a control circuit for operating in a substantially 
alternate order and controlling a pair of said first 
output circuit and said first auxiliary circuit and 
a pair of the second output circuit and said sec- 15 
ond auxiliary circuit: 

a switch control circuit for turntng on or off one 
of said switch circuits in a substantially alter- 
nate order in a manner synchronized with the 
operation of said control circuit; 20 
and 

a current ratio compensator for feeding back 
said first or said second potential difference de- 
tected by said potential difference detector and 
forcontrolling the equivalent impedance across 25 
said first terminal and said second terminal of 
one of said first to said eighth branches, so that 
a bridge consisting of said first branch, a com- 
posite of said seventh branch and said fourth 
branch, said f ifth branch, and said sixth branch, 30 
keeps the balance, thereby holding said first ra- 
tio at a substantially constant level when said 
first output current flows through said first 
branch, said seventh branch and said fourth 
branch, and 35 
a bridge consisting of said third branch, a com- 
posite of said seventh branch and said second 
branch, said seventh branch, and said eighth 
branch, keeps the balance, thereby holding 
said second ratio at a substantially constant 40 
level when said second output current flows 
through said third branch, said seventh branch 
and said second branch. 

13. A power control device according to Claim 12 com- 45 
prising a current setting circuit for holding at a sub- 
stantially constant level or changing quasistatically 
said first adjusting current and said second adjust- 
ing current in said sixth branch and said eighth 
branch, respectively. so 

14. A power control device according to Claim. 12, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over said 
switch circuit. 55 

15. A power control device according to Claim 1 2 or 1 5, 
wherein said current ratio compensator provides 



the control of said equivalent impedance over said 
first or said second output circuit. 

16. A power control device comprising: 

an output network consisting of a first branch, 
a second branch, a third branch, a fourth 
branch, a fifth branch, a sixth branch, a seventh 
branch and an eighth branch, wherein 
each of said first to eighth branches includes a 
first terminal and a second terminal, 
the first terminals of said first, said third, said 
fifth and said seventh branches are connected 
to a first power-source-connecting terminal at 
a substantially constant potential, 
the second terminals of said second, said 
fourth, said sixth and said eighth branches are 
connected to a second power-source-connect- 
ing terminal at a substantially constant poten- 
tial, 

the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 
branch are mutually connected at a third node, 
the second terminal of said seventh branch and 
the first terminal of said eighth branch are mu- 
tually connected at a fourth node, 
three terminals of three loads in Y connection 
or A connection are connected to said first to 
third nodes, respectively, 
said first branch includes a first output circuit 
for driving said loads, 

said third branch includes a second output cir- 
cuit for driving said loads, 
said fifth branch includes a third output circuit 
for driving said loads, 

each of said second, said fourth and said sixth 
branches includes a switch circuit, and 
said seventh branch includes an auxiliary cir- 
cuit for interlocking with one of said first to third 
output circuits and outputting an adjusting cur- 
rent adjusted to an amount smaller substantial- 
ly by a predetermined ratio than an output cur- 
rent outputted from the interlocking output cir- 
cuit in the case of applying substantially the 
same input voltage as that of the interlocking 
output circuit; 

a potential difference detector for detecting the 
potential of said first node, said second node or 
said third node with respect to said fourth node; 
a control circuit for making said first to third out- 
put circuits interlock with said auxiliary circuit in 
a predetermined order and controlling said first 
to third output circuits; 
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a switch control circuit for turning on or off one 
ortwo of said switch circuits in a predetermined 
order and combination in a manner synchro- 
nized with the operation of said control circuit; 

and 5 
a current ratio compensator for feeding back 
said potential difference detected by said po- 
tential difference detector and for controlling 
the equivalent impedance across said first ter- 
minal and said second terminal of one of said 10 
first to said eighth branches, so that 
a bridge consisting of said first branch, a com- 
posite of said loads and either or both of said 
fourth and said sixth branches, said seventh 
branch, and said eighth branch, keeps the bal- is 
ance when an output current from said first out- 
put circuit flows through said first branch, said 
loads, either or both of said fourth and said sixth 
branches, 

a bridge consisting of said third branch, a com- 20 
posite of said loads and either or both of said 
second and said sixth branches, said seventh 
branch, and said eighth branch, keeps the bal- 
ance when an output current from said second 
output circuit flows through said third branch, 25 
said loads, either or both of said second and 
said sixth branches, and 

a bridge consisting of said fifth branch, a com- 
posite of said loads and either or both of said 
second and said fourth branches, said seventh 30 
branch, and said eighth branch, keeps the bal- 
ance when an output cu rrent from said third out- 
put circuit flows through said fifth branch, said 
loads, either or both of said second and said 
fourth branches, 35 
thereby holding said ratio at a substantially con- 
stant level. 



17. A power control device according to Claim 16, 
wherein said eighth branch has a current setting cir- 
cuit for holding at a substantially constant level or 
changing quasistatically said adjusting current. 

18. A power control device according to Claim 16, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over said 
switch circuit. 

19. A power control device according to Claim 1 6 or 1 8, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over one 
of said first to third output circuits. 

20. A power control device comprising: 

a network consisting of a first branch, a second 
branch, a third branch, a fourth branch, a fifth 
branch, a sixth branch, a seventh branch, an 
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eighth branch, a ninth branch, a tenth branch, 
an eleventh branch and a twelfth branch, 
wherein 

each of said first to twelfth branches includes a 
first terminal and a second terminal, 
the first terminals of said first, said third, said 
fifth, said seventh, said ninth and said eleventh 
branches are connected to a first power- 
source-connecting terminal at a substantially 
constant potential, 

the second terminals of said second, said 
fourth, said sixth, said eighth, said tenth and 
said twelfth branches are connected to a sec- 
ond power-sou rce-connecting terminal at a 
substantially constant potential, 
the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 
branch are mutually connected at a third node, 
the second terminal of said seventh branch and 
the first terminal of said eighth branch are mu- 
tually connected at a fourth node, the second 
terminal of said ninth branch and the first termi- 
nal of said tenth branch are mutually connected 
at a fifth node, the second terminal of said elev- 
enth branch and the first terminal of said twelfth 
branch are mutually connected at a sixth node, 
three terminals of three loads in Y connection 
or A connection are connected to said first to 
third nodes, respectively, 
said first branch includes a first output circuit 
for driving said loads, 

said third branch includes a second output cir- 
cuit for driving said loads, 
said fifth branch includes a third output circuit 
for driving said loads, 

each of said second, said fourth and said sixth 
branches includes a switch circuit, 
said seventh branch includes a first auxiliary 
circuit for interlocking with said first output cir- 
cuit and outputting a first adjusting current ad- 
justed to an amount smaller substantially by a 
predetermined first ratio than a first output cur- 
rent outputted from said first output circuit in the 
case of applying substantially the same input 
voltage as that of said first output circuit, 
said ninth branch includes a second auxiliary 
circuit for interlocking with said second output 
circuit and outputting a second adjusting cur- 
rent adjusted to an arnount smaller substantial- 
ly by a predetermined second ratio than a sec- 
ond output current outputted from said second 
output circuit in the case of applying substan- 
tially the same input voltage as that of said sec- 
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ond output circuit, and 

said eleventh branch includes a third auxiliary 
circuit for interlocking with said third output cir- 
cuit and outputting a third adjusting current ad- 
justed to an amount smaller substantially by a 
predetermined third ratio than a third output 
current outputted from said third output circuit 
in the case of applying substantially the same 
input voltage as that of said third output circuit; 
a potential difference detector for detecting the 
potential of said first node with respect to said 
fourth node as a first potential difference, the 
potential of said second node with respect to 
said fifth node as a second potential difference 
and the potential of said third node with respect 
to said sixth node as a third potential difference; 
a control circuit for operating in a predeter- 
mined order and controlling a pair of said first 
output circuit and said first auxiliary circuit, a 
pair of the second output circuit and said sec- 
ond auxiliary circuit and a pair of the third output 
circuit and said third auxiliary circuit; 
a switch control circuit for turning on or off one 
or two of said switch circuits in a predetermined 
order and combination in a manner synchro- 
nized with the operation of said control circuit; 
and 

a current ratio compensator for controlling the 
equivalent impedance across said first terminal 
and said second terminal of one of said first to 
twelfth branches, 

for feeding back said first potential difference 
detected by said potential difference detector 
so that abridge consisting of said first branch, 
a composite of said loads and either or both of 
said fourth and said sixth branches, said sev- 
enth branch, and said eighth branch, keeps the 
balance, thereby holding said first ratio at a 
substantially constant level when said first out- 
put current flows through said first branch, said 
loads, either or both of said fourth and said sixth 
branches, 

for feeding back said second potential differ- 
ence detected by said potential difference de- 
tector so that a bridge consisting of said third 
branch, a composite of said loads and either or 
both of said second and said sixth branches, 
said ninth branch, and said tenth branch, keeps 
the balance, thereby holding said second ratio 
at a substantially constant level when said sec- 
ond output current flows through said third 
branch, said loads , either or both of said sec- 
ond and said sixth branches, and 
for feeding back said third potential difference 
detected by said potential difference detector 
so that abridge consisting of said fifth branch, 
a composite of said loads and either or both of 
said second and said fourth branches, said 



eleventh branch, and said twelfth branch, 
keeps the balance, thereby holding said third 
ratio at a substantially constant level when said 
third output current flows through said fifth 
5 branch, said loads, either or both of said second 

and said fourth branches. 

21 . A power control device according to Claim 20 com- 
prising a current setting circuit for holding at a sub- 

10 stantially constant level or changing quasistatically 
said first adjusting current, said second adjusting 
current and said third adjusting current in said 
eighth branch, said tenth branch and said twelfth 
branch, respectively. 

15 

22. A power control device according to Claim 20, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over said 
switch circuit. 

20 

23. A power control device according to Claim 20 or 22, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over one 
of said first to third output circuits. 

25 

24. A power control device comprising: 

at least two output control circuits each of which 
is a power control device according to Claim 13; 
30 and 

a micro-step control circuit for controlling said 
adjusting currents in said output control cir- 
cuits: thereby controlling currents flowing 
through said respective loads. 

35 

25. A power control device comprising: 

at least two output control circuits each of which 
is a power control device according to Claim 1 7; 
40 and 

a micro-step control circuit for controlling said 
first and said second adjusting currents in said 
output control circuits, thereby controlling cur- 
rents flowing through said respective loads. 

45 

26. A power control device according to one of Claims 
1 to 25, wherein a main resistance in the periphery 
of said output circuit and an auxiliary resistance in 
the periphery of said auxiliary circuit interlocking 

50 with said output circuit are adapted to satisfy a sub- 
stantial proportionality between said output current 
from said output circuit and said adjusting current 
from said auxiliary circuit. 

55 27. A power control device according to Claim 26, 
wherein said main resistance is connected in series 
with said output circuit, and said auxiliary resistance 
is connected in series with said auxiliary circuit and 
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has a resistance value substantially equal to the re- 
sistance value of said main resistance multiplied by 
the inverse of the proportional coefficient of said 
proportionality. 



Statement under Article 19 (1) 

1 . In Claim 1 , we make it clear that the power control 
device includes a switch circuit and a current setting 
circuit in the second branch and the fourth branch 
of the bridge circuit, respectively, and a switch con- 
trol circuit. 

According to the present invention, the current 
ratio compensator makes the bndge circuit keep the 
balance and the current setting circuit holds at a 
constant level or changes quasistatically the adjust- 
ing current, thereby holding at a constant level or 
changing quasistatically the output current. In addi- 
tion: the switch control circuit turns on or off the 
switch circuit in a manner synchronized with the op- 
eration of the control circuit, thereby providing a 
switching control of the output current over the out- 
put circuit and the switch circuit. Since the bridge 
circuit is balanced, the switching control of the out- 
put current is independent of temperature change, 
operational conditions and n on -uniformity of pa- 
rameters such as the sizes of the output circuit and 
the auxiliary circuit, thus provided with a higher pre- 
cision than conventional examples. 

None of the references disclose the configura- 
tion and the above-described effects of the power 
control device including the current setting circuit, 
the switch circuit and the switch control circuit. 

2. In Claim 6, we make it clear that the control of the 
equivalent impedance by the current ratio compen- 
sator is provided over not only the output circuit but 
also the switch circuit. 

According to the present invention, the cur- 
rent ratio compensator controls the equivalent im- 
pedances of the output circuit and the switch circuit. 
Accordingly, the output circuit and the switch circuit 
control the output current by a switching control 
and, at the same time, making the bridge circuit 
keep the balance. 

3. We make it clear that Claims 6, 15, 19, 23 and 26 
include no multiple dependent claims in the claims 
referred to. 
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branch, wherein 

each of said first to fourth branches includes a 
first terminal and a second terminal, 
the first terminal of said first branch and the first 
terminal of said third branch are connected to 
a first power-source-connecting terminal at a 
substantially constant potential, the second ter- 
minal of said second branch and the second 
terminal of said fourth branch are connected to 
a second power-source-connecting terminal at 
a substantially constant potential, 
the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, 

said second branch includes a load and a 
switch circuit connected in series with said 
load, 

said first branch includes an output circuit for 
driving said load, 

said third branch includes an auxiliary circuit for 
outputting an adjusting current adjusted to an 
amount smaller substantially by a predeter- 
mined ratio than an output current outputted 
from said output circuit in the case of applying 
substantially the same input voltage as that of 
said output circuit, and 

said fourth branch includes a current setting cir- 
cuit for holding at a substantially constant level 
or changing quasistatically said adjusting cur- 
rent; 

a potential difference detector for detecting a 
potential difference between said first node and 
said second node; 

a control circuit for making said output circuit 
interlock with said auxiliary circuit and control- 
ling said output circuit; 

a switch control circuit for turning on or off said 
switch circuits in a manner synchronized with 
the operation of said control circuit; 
and 

a current ratio compensator for feeding back 
said detected potential difference detected by 
said potential difference detector and control- 
ling the equivalent impedance across said first 
terminal and said second terminal of one of said 
first to fourth branches so that said bridge cir- 
cuit keep the balance, thereby holding said ra- 
tio at a substantially constant level. 



Amended claims in acoordance with Rule 19(1 ) PCT 2. (Deleted) 

1 . (Amended) A power control device comprising: 55 3. (Deleted) 

a bridge circuit consisting of a first branch, a 4. (Deleted) 
second branch, a third branch and a fourth 
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5. (Amended) A power control device according to 
Claim 1, wherein said current ratio compensator 
provides the control of said equivalent impedance 
over said switch circuit. 

5 

6. (Amended) A power control device according to 
Claim 1. wherein said current ratio compensator 
provides the control of said equivalent impedance 
ever said output circuit and said switch circuit. 

10 

7. (Deleted) 

8. A power control device comprising: 

fin output network consisting of a first branch, 15 
a second branch, a third branch, a fourth 
Drancn « f«rtn branch . a sixth branch and a sev- 
enth t>'ctr>efi wherein 

ench of sale first to seventh branches includes 
«i f * M terminal and a second terminal, 20 
the finst terminals of said first, said third and 
sa»d f rftn oranches are connected to a first pow- 
er source connecting terminal at a substantial- 
ly constant potential, 

the second terminals of said second, said fourth 25 
and said sixih branches are connected to a sec- 
ond power -source-connecting terminal at a 
substantially constant potential, 
the second terminal of said first branch and the 
first terminal of said second branch are mutu- 30 
airy connected at a first node, the second ter- 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 35 
branch are mutually connected at a third node, 
the first terminal and the second terminal of 
said seventh branch are connected to said first 
node and said second node, respectively, 
said seventh branch includes a load, 40 
said first branch includes a first output circuit 
for driving said load, 

said third branch includes a second output cir- 
cuit for driving said load, 

each of said second and said fourth branches *s 
includes a switch circuit, and 
said fifth branch includes an auxiliary circuit for 
interlocking with either of said first or said sec- 
ond output circuits and outputting an adjusting 
current adjusted to an amount smaller substan- 50 
tially by a predetermined ratio than an output 
current outputted from the interlocking output 
circuit in the case of applying substantially the 
same input voltage as that of the interlocking 
output circuit; 55 
a potential difference detector for detecting the 
potential of said first node or said second node 
with respect to said third node; 
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a control circuit for making said first and said 
second output circuits interlock with said auxil- 
iary circuit in a substantially alternate order and 
controlling said first or said second output cir- 
cuit; 

a switch control circuit for turning on or off said 
switch circuits in a substantially alternate order 
in a manner synchronized with the operation of 
said control circuit; 
and 

a current ratio compensator for feeding back 
said potential difference detected by said po- 
tential difference detector and controlling the 
equivalent impedance across said first terminal 
and said second terminal of one of said first to 
said sixth branches, so that 
a bridge consisting of said first branch, a com- 
posite of said seventh branch and said fourth 
branch, said fifth branch, and said sixth branch, 
keeps the balance when an output current from 
said first output circuit flows through said first 
branch, said seventh branch and said fourth 
branch, and 

a bridge consisting of said third branch, a com- 
posite of said seventh branch and said second 
branch, said fifth branch, and said sixth branch, 
keeps the balance when an output current from 
said second output circuit flows through said 
third branch , said seventh branch and said sec- 
ond branch, thereby holding said ratio at'a sub- 
stantially constant level. 

9. A power control device according to Claim 8, where- 
in said sixth branch includes a current setting circuit 
for holding at a substantially constant level or 
changing quasistatically said adjusting current. 

10. A power control device according to Claim 8, where- 
in said current ratio compensator provides the con- 
trol of said equivalent impedance over said switch 
circuit. 

11. A power control device according to Claim 8, where- 
in said current ratio compensator provides the con- 
trol of said equivalent impedance over said first or 
said second output circuit. 

12. A power control device comprising: 

an output network consisting of a first branch, 
a second branch, a third branch, a fourth 
branch, a fifth branch, a sixth branch, a seventh 
branch, an eighth branch and a ninth branch, 
wherein 

each of said first to ninth branches includes a 
first terminal and a second terminal, 
the first terminals of said first, said third, said 
fifth and said seventh branches are connected 
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to a first power-source-connecting terminal at 
a substantially constant potential, 
the second terminals of said second, said 
fourth, said sixth and said eighth branches are 
connected to a second power-source -connect- 5 
ing terminal at a substantially constant poten- 
tial, 

the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- io 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 
branch are mutually connected at a third node, 15 
the second terminal of said seventh branch and 
the first terminal of said eighth branch are mu- 
tually connected at a fourth node, the first ter- 
minal and the second terminal of said ninth 
branch are connected to said first node and 20 
said second node, respectively, 
said ninth branch includes a load, 
said first branch includes a first output circuit 
for driving said load, 

said third branch includes a second output cir- 25 
cuit for driving said load, 

each of said second and said fourth branches 
includes a switch circuit, 

said fifth branch includes a first auxiliary circuit 
for interlocking with said first output circuit and 30 
outputting a first adjusting current adjusted to 
an amount smaller substantially by a predeter- 
mined first ratio than a first output current out- 
putted from said first output circuit in the case 
of applying substantially the same input voltage 35 
as that of said first output circuit, and 
said seventh branch includes a second auxilia- 
ry circuit for interlocking with said second out- 
put circuit and outputting a second adjusting 
current adjusted to an amount smaller substan- 40 
tially by a predetermined second ratio than a 
second output current outputted from said sec- 
ond output circuit in the case of applying sub- 
stantially the same input voltage as that of said 
second output circuit; 45 
a potential difference detector for detecting the 
potential of said first node with respect to said 
third node as a first potential difference and the 
potential of said second node with respect to 
said fourth node as a second potential differ- so 
ence; 

a control circuit for operating in a substantially 
alternate order and controlling a pair of said first 
output circuit and said first auxiliary circuit and 
a pair of the second output circuit and said sec- 55 
ond auxiliary circuit; 

a switch control circuit for turning on or off one 
of said switch circuits in a substantially alter- 



nate order in a manner synchronized with the 
operation of said control circuit; 
and 

a current ratio compensator for feeding back 
said first or said second potential difference de- 
tected by said potential difference detector and 
for controlling the equivalent impedance across 
said first terminal and said second terminal of 
one of said first to said eighth branches, so that 
a bridge consisting of said first branch, a com- 
posite of said seventh branch and said fourth 
branch, said fifth branch, and said sixth branch, 
keeps the balance, thereby holding said first ra- 
tio at a substantially constant level when said 
first output current flows through said first 
branch, said seventh branch and said fourth 
branch, and 

a bridge consisting of said third branch : a com- 
posite of said seventh branch and said second 
branch, said seventh branch, and said eighth 
branch, keeps the balance, thereby holding 
said second ratio at a substantially constant 
level when said second output current flows 
through said third branch, said seventh branch 
and said second branch. 

13. A power control device according to Claim 1 2 com- 
prising a current setting circuit for holding at a sub- 
stantially constant level or changing quasistatically 
said first adjusting current and said second adjust- 
ing current in said sixth branch and said eighth 
branch, respectively. 

14. A power control device according to Claim 12, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over said 
switch circuit. 

15. (Amended) A power control device according to 
Claim 12, wherein said current ratio compensator 
provides the control of said equivalent impedance 
over said first or said second output circuit. 

16. A power control device comprising: 

an output network consisting of a first branch, 

a second branch, a third branch, a fourth 

branch, a fifth branch, a sixth branch, a seventh 

branch and an eighth branch, wherein 

each of said first to eighth branches includes a 

first terminal and a second terminal, 

the first terminals of said first, said third, said 

fifth and said seventh branches are connected 

to a first power-source-connecting terminal at 

a substantially constant potential, 

the second terminals of said second, said 

fourth, said sixth and said eighth branches are 

connected to a second power-sou rce-connect- 



34 



67 



EP1 115 203 A1 



68 



ing terminal at a substantially constant poten- 
tial, 

the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 
minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 
branch are mutually connected at a third node, 
the second terminal of said seventh branch and 
the first terminal of said eighth branch are mu- 
tually connected at a fourth node, 
three terminals of three loads, in Y connection 
or A connection are connected to said first to 
third nodes, respectively, 
said first branch includes a first output circuit 
for driving said loads, 

said third branch includes a second output cir- 
cuit for driving said loads, 
said fifth branch includes a third output circuit 
for driving said loads, 

each of said second, said fourth and said sixth 
branches includes a switch circuit, 
said seventh branch includes an auxiliary cir- 
cuit for interlocking with one of said first to third 
output circuits and outputting an adjusting cur- 
rent adjusted to an amount smaller substantial- 
ly by a predetermined ratio than an output cur- 
rent outputted from the interlocking output cir- 
cuit in the case of applying substantially the 
same input voltage as that of the interlocking 
output circuit; 

a potential difference detector for detecting the 
potential of said first node, said second node or 
said third node with respect to said fourth node; 
a control circuitfor making said first to third out- 
put circuits interlock with said auxiliary circuit in 
a predetermined order and controlling said first 
to third output circuits; 

a switch control circuit for turning on or off one 
or two of said switch circuits in a predetermined 
order and combination in a manner synchro- 
nized with the operation of said control circuit; 
and 

a cunent ratio compensator for feeding back 
said potential difference detected by said po- 
tential difference detector and for controlling 
the equivalent impedance across said first ter- 
minal and said second terminal of one of said 
first to said eighth branches, so that 
a bridge consisting of said first branch, a com- 
posite of said loads and either or both of said 
fourth and said sixth branches, said seventh 
branch, and said eighth branch, keeps the bal- 
ance when an output current from said first out- 
put circuit flows through said first branch, said 
loads, either or both of said fourth and said sixth 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



branches, 

a bridge consisting of said third branch , a com- 
posite of said loads and either or both of said 
second and said sixth branches, said seventh 
branch, and said eighth branch, keeps the bal- 
ance when an output current from said second 
output circuit flows through said third branch, 
said loads, either or both of said second and 
said sixth branches, and 
a bridge consisting of said fifth branch, a com- 
posite of said loads and either or both of said 
second and said fourth branches, said seventh 
branch, and said eighth branch, keeps the bal- 
ance when an output current from said third out- 
put circuit flows through said fifth branch, said 
loads, either or both of said second and said 
fourth branches, 

thereby holding said ratio at a substantially con- 
stant level. 

17. A power control device according to Claim 16, 
wherein said eighth branch has a current setting cir- 
cuit for holding at a substantially constant level or 
changing quasistatically said adjusting current. 

18. A power control device according to Claim 16, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over said 
switch circuit. 

19. (Amended) A power control device according to 
Claim 16, wherein said current ratio compensator 
provides the control of said equivalent impedance 
over one of said first to third output circuits. 

20. (Amended) A power control device comprising: 

an output network consisting of a first branch, 
a second branch, a third branch, a fourth 
branch, afifth branch, asixth branch, a seventh 
branch, an eighth branch, a ninth branch, a 
tenth branch, an eleventh branch and a twelfth 
branch, wherein 

each of said first to twelfth branches includes a 
first terminal and a second terminal, 
the first terminals of said first, said third, said 
fifth, said seventh, said ninth and said eleventh 
branches are connected to a first power- 
source-connecting terminal at a substantially 
constant potential, 

the second terminals of said second, said 
fourth, said sixth, said eighth, said tenth and 
said twelfth branches are connected to a sec- 
ond power-source-connecting terminal at a 
substantially constant potential, 
the second terminal of said first branch and the 
first terminal of said second branch are mutu- 
ally connected at a first node, the second ter- 
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minal of said third branch and the first terminal 
of said fourth branch are mutually connected at 
a second node, the second terminal of said fifth 
branch and the first terminal of said sixth 
branch are mutually connected at a third node, s 
the second terminal of said seventh branch and 
the first terminal of said eighth branch are mu- 
tually connected at a fourth node, the second 
terminal of said ninth branch and the first termi- 
nal of said tenth branch are mutually connected io 
at a fifth node, the second terminal of said elev- 
enth branch and the first terminal of said twelfth 
branch are mutually connected at a sixth node, 
three terminals of three loads in Y connection 
or A connection are connected to said first to is 
third nodes, respectively, 
said first branch includes a first output circuit 
for driving said loads, 

said third branch includes a second output cir- 
cuit for driving said loads, 20 
said fifth branch includes a third output circuit 
for driving said loads, 

each of said second, said fourth and said sixth 
branches includes a switch circuit, 
said seventh branch includes a first auxiliary 25 
circuit for interlocking with said first output cir- 
cuit and outputting a first adjusting current ad- 
justed to an amount smaller substantially by a 
predetermined first ratio than a first output cur- 
rent outputted from said first output circuit in the 30 
case of applying substantially the same input 
voltage as that of said first output circuit, 
said ninth branch includes a second auxiliary 
circuit for interlocking with said second output 
circuit and outputting a second adjusting cur- 35 
rent adjusted to an amount smaller substantial- 
ly by a predetermined second ratio than a sec- 
ond output current outputted from said second 
output circuit in the case of applying substan- 
tially the same input voltage as that of said sec- 40 
ond output circuit, and 

said eleventh branch includes a third auxiliary 
circuit for interlocking with said third output cir- 
cuit and outputting a third adjusting current ad- 
justed to an amount smaller substantially by a 4s 
predetermined third ratio than a third output 
current outputted from said third output circuit 
in the case of applying substantially the same 
input voltage as that of said third output circuit; 
a potential difference detector for detecting the so 
potential of said first node with respect to said 
fourth node as a first potential difference, the 
potential of said second node with respect to 
said fifth node as a second potential difference 
and the potential of said third node with respect 55 
to said sixth node as a third potential difference; 
a control circuit for operating in a predeter- 
mined order and controlling a pair of said first 



output circuit and said first auxiliary circuit, a 
pair of the second output circuit and said sec- 
ond auxiliary circuit and a pair of the third output 
circuit and said third auxiliary circuit; 
a switch control circuit for turning on or off one 
or two of said switch circuits in a predetermined 
order and combination in a manner synchro- 
nized with the operation of said control circuit; 
and 

a current ratio compensator for controlling the 
equivalent impedance across said first terminal 
and said second terminal of one of said first to 
twelfth branches, 

for feeding back said first potential difference 
detected by said potential difference detector 
so that abridge consisting of said first branch, 
a composite of said loads and either or both of 
said fourth and said sixth branches , said sev- 
enth branch, and said eighth branch, keeps the 
balance, thereby holding said first ratio at a 
substantially constant level when said first out- 
put current flows through said first branch, said 
loads , either or both of said fourth and said 
sixth branches, 

for feeding back said second potential differ- 
ence detected by said potential difference de- 
tector so that abridge consisting of said third 
branch, a composite of said loads and either or 
both of said second and said sixth branches, 
said ninth branch, and said tenth branch, keeps 
the balance, thereby holding said second ratio 
at a substantially constant level when said sec- 
ond output current flows through said third 
branch, said loads, either or both of said second 
and said sixth branches, and 
for feeding back said third potential difference 
detected by said potential difference detector 
so that a bridge consisting of said fifth branch, 
a composite of said loads and either or both of 
said second and said fourth branches, said 
eleventh branch, and said twelfth branch, 
keeps the balance, thereby holding said third 
ratio at a substantially constant level when said 
third output current flows through said fifth 
branch, said loads , either or both of said sec- 
ond and said fourth branches. 

21 . A power control device according to Claim 20 com- 
prising a current setting circuit for holding at a sub- 
stantially constant level or changing quasistatically 
said first adjusting current, said second adjusting 
current and said third adjusting current in said 
eighth branch, said tenth branch and said twelfth 
branch, respectively. 

22. A power control device according to Claim 20, 
wherein said current ratio compensator provides 
the control of said equivalent impedance over said 



36 




71 EP 1 115 203 A1 

switch circuit. 

23. (Amended) A power control device according to 
Claim 20, wherein said current ratio compensator 
provides the control of said equivalent impedance 5 
over one of said first to third output circuits. 

24. A power control device comprising: 

at least two output control circuits each of which 10 
is a power control device according to Claim 1 3; 
and 

a micro-step control circuit for controlling said 
adjusting currents in said output control cir- 
cuits, thereby controlling currents flowing is 
through said respective loads. 

25. (Deleted) 

26. (Amended) Apower control device according to one 20 
of Claims 1 , 8, 12, 16, and 20, wherein a main re- 
sistance in the periphery of said output circuit and 

an auxiliary resistance in the periphery of said aux- 
iliary circuit interlocking with said output circuit are 
adapted to satisfy a substantial proportionality be- 25 
tween said output current from said output circuit 
and said adjusting current from said auxiliary circuit. 

27. A power control device according to Claim 26, 
wherein said main resistance is connected in series 30 
with said output circuit and said auxiliary resistance 

is connected in series with said auxiliary circuit and 
has a resistance value substantially equal to the re- 
sistance value of said main resistance multiplied by 
the inverse of the proportional coefficient of said 35 
proportionality. 
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FIG. 3A 
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